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 INPRODUCTION

On April 21, 1962, the Seattle World's Fair opened its decors to
the public. For a World's Fair »'i't.. ﬁas small, but not without its
unique aspects. Outstanding among these was the United States
Science Exhibit, Here five gleaming buildings, covering six and
one-half acres, presented the'history, prhilosophy, and findings of
present-day science. The atmosphere was one of elegant solemnity.
Avoiding an emphasis on "better things for betler living," "engineer-
ing miracles," or Sunday-supplement marvels, the displays showed
instead the mood and texture of scientific work. Science was por-
trayed as a human endeavor, springing from curiosity, and resulting"‘
in a sense of wonder at the lawful complexity of the universe. The
exhibit a'b’cémpted, to give "a collection of impressions, experiences,
sights and sensations linked together to prod;lce entertainment and
enlightemnent.“l Not surprisingly, it quickly became a focal point
for the entire fair. |

The éverage fairgoer perhaps thought of the Science Pavilion
in many ways: as a'rspectacle s as an extravaganza, as a thing of
beavty. It was ali .oi‘ thesc. But in the paper which follows N
attention will be focused on only one of its facets. We shall
cor.lside'r the United States .Science Exhibit as an unusually elaborate

attempt at mass education.

1. Spilhaus, A, "Aims of the United States Scierce FExhibit," in
Souvenir Guide Book, United States Science Exhibit, World's
Fair in Seattle, 1962.
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The Pavilion's five great halls covered the full range of moderm
scien{'.ific kriowledge s i‘rom sub-atomic physics to operant conc.li'bion'-
ing. The past of science was emphasized, as well as its present.
Displays reviewed the work of Kepler, Faraday, Dé:rwin, Mendel, and
many others. Nor were the techniéues o.fl écience slizhted: one
hall was devoted e‘ntirely to the specific ways in which scientists
find answers to their questions.” Other halls dealt with the public
implications of science » with the vrole of the creative imagination in
science, etc. 4 month could have been spent in the pavilion without
exhausting its educational riches.

The Science Exhibit, like most museums and halls, represents
a peculiarly mcdern kind of education.‘ Traditionally, learning is
a person-to-person frocess. The teachei may chat with a single
studerft.; may lead a small band of graduates in discusgion; or may
lecture to a sea of scribbling freshmen. One person, the expert,
talks o others. But teaching at the S:ience Pavilion was impersonal,
carried on by machines, by displays, by movies‘. The "stuvdents"
came partly to learn, partly to be entertained. They stood briefly
before exhibits, faceless members of a crowd. They were distracted
by children tugging at their arms, by the pushing flow of people,
by tight schedules.  In many ways they were more like a TV audience
than like students. The Science Exhibit, then, attempted to provide
education for a mass audience, using the most sophisfica‘b_ed .available
techniques of mass communicgtion.

| How well did it succeed in its educational task? This guestion

must be asked of any teaching, but for the Science Exhibit it is

e
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central. Classroom education draws on much practical experienée,
and on considerable research. But teaching by exhibits has been
little investiga ed.. What do viewers lea;c*n? Is information cem-
municated? Do attitudes change? WVhat are the polentials and limi-
tations of exhibit teaching? To these qﬁeries there have been no
answers.,

Before the Fair opened? it_ocpﬁrreé to several people that the
United States Science Exhibit might serve as an ideal natural labora-
tory for studying such questions. Docfor Albert Parr, of the
AmeriCaﬁ Museum of Natural History, and Doctor Daele Wolfle, of
the fmerican Association for the Advancement of Science, expressed
informél interesy; it was largely through %heir impetus that a few
psychologists and sociologists at the _Up:'wersitfy of Washington began
thinking aboult the problem. Professor Bud qu'bon, of the Psychology
Department, aroused thé. interest of the present Project‘Director,
who in turn enlisted the aid oi“Doc’oor Otto Larsen. After many
conferences, an initial outliné of a research project took shape.

Since we were investigabing a little-explored subject, it
seemed most appropriate to start with general and broad-ranging
quesiions. We saw ourselves as a scouving party, mapping the main
features of an unknown territory. Our hypotheses were vefy general,
our approach correlaticnal and descriptive. The maih tool was the
polling intefview. We hoped that from this initial work would come
more specific hypotheses, testahle under controlled expérimental

conditions,
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Funds for the research were granted by the National Science
Foundation, We gratefully acknowledge the assislbance of George J.
Rothwell, who at the time of the grant was Head of the Office of
Science Exhibits. The project began March iS, 1§62. We were
fortunate in being.able to subcontract tﬁe interviewing to the
Opinion Research Laboratory of Seattle,-undér ¥rs. Edith Dyer
Rainboth and Miss Marilyn McCurtain. The interviewing crews
began tﬁeir work on June 15, 1962, continuing until October 20;
in that time over é,OOO people were sampled. As well as conducting
interviews, the Opinion Research Laboratory déveloped background
questions and did much of the editing and coding necessary with
the interview protocols, |

The following pages deféil our tﬁiﬁking and works; the develon-
ment of questionnaires; the problems encountered in the field, the
interviewing procedures, and the fesulfs to date.

As with any team projectg-each aspect of ﬁhe research bene-
Fited by the thinking of the entire group. N?vertheless, specific
individua]s undertook specific tasks; whatever success the project
achieved is due to their labors. The research personnel and their
particular roles are listed bélow:

» ILynn Blackwell. Administrative Assistant and
coordinator, office manager. Developed and con-
ducted the "General Poll" reported in Chapter X.

. Aliaﬁ Dorius. Developed information scales. Devel-
oped teaching machine programs. Responsible for the
time-lapse phobographs and their analysis.

* Louis Gray.> Developed information scales. Developed
teaching machine programs, Responsible for the
mechanical phases of the teaching machine interviews.

. Kiyoshi Tagasiifa:’~neveloped attitude messures,

Developed necessary compubter prograns and supervised
data analysis.
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Two other graduate students, each with the project for a brief
time, made significant contributions: David J. Smith, in ccn-
ducting the early open-ended attitude intervieus s and J. Gerald
Fortis, in helping with the initial administrative arrangements.

Miss Patrieia Dowling and Miss Allison Jensen contributed
their secretarial skills to the project, also at times doubling
as interviewers, coders, and cha'llfi:‘eurs. Their versatile assist-
ance is gratefully acknowledged; | |

A number of other people and organizations have contributed
materially to the project also. The Educational Science Divigion
of U. S. Industries, Incorporated, made available to us several
Autotwtor teaching machines, ané the accompanying Baranoff printers.
Hr. Jean Hart aided_us greatly in adapti-ng these machines to our
rather unusual needs. The staff of the Science Pavilion were un-
failing in thelr courtesy and help: .we are especially indebted to
Mr. Courtland Randall, Mr, Leonhard Nederkorn, Mr. Edward Feeney,
Mr. Edward Devine, Mr. Craig Colgate, and Dr. Athelstan Spilhaus.

This list would not be complete without acknowledging the
invaluable assistance of Dr. Albert Parr, of the American Museum of
Natural History, New York., " In his two visits to ’c-he‘ project as
consultant, he freely contributed the insights and sensitivities

gained in a lifetime of work with museum displays.

Seattle, 1963
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CHAPTER I

RESEARCH STRATEGY AND TACTICS

We began the project with two main queries: "Do attitudes
change after exposure to the U.S. Science Pavilion?" and "How
effective is the Science Pavilion in imparting information?"
More specifically, we asked the following questions:

(1) What groups of people are most likely to be attracted
to exhibits of this kind? It is possible that signi-
ficant portions of the population are not reached by
this medium; if so, it would be useful to p:.npon.nt
such limitations of appeal.

(2) What changes take place in attitudes towards science
as a result of viewing such exhibits? Implicit in
the development of the Science Pavilion is the hope
that the displays will quicken interest and broaden
understanding; an evaluation of these hopes would
seem useful. _ .

(3) How effective are the displays in imparting specific
scientific information? The scientific d:.splay is
designed to communicate specific information; its
effectiveness as an educational medium warrants study.

(1) Vhat kinds of displays seem most e”fective in producing
changes in information or attitudes? The Science
Pavilion uses a broad spectrum of display technigues;
it seems worthwhile to evaluate the relative effective-
ness of differeut display parvameters.

Measuring Attitudes

Information and attitudes.......0n the face of it, measuvring
information is not a particularly difficult problem; one finds out

vhat is being taught, and asks questions to see if it is rztained.
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But "attitudes" are more nebulous, especially if we consider under
this rubric such things as "stereotypes," "the role of science in
government" and so on. We somehow needed to take this nebulous
variable and make it more concrete, more mahageaﬁle.

Aftéf consiéepable reading and free-response interviewing, we
decided to query the public on four main attitude variables:

(1) Stereotypes of scientisté~~Are scientists timid or
a&ventufous?. Eccentric or conventional? Boring or interesiing? Eic.

(2) Stereotypes of science--is science intelligible or uninhé:]i—
gible? Valuable or worthless? Constructive 6r destructive? Etc.

(3) The meaning of scientific endeavor--What things distinguish
gcience from other human pursuité? Is it basically any search for
truth? A matter of logical thinking?. An atiempt to make the world
a bétter place? Etc.

(L) The potentials of scien;e--Will sclence be able to changei
heredity? Create life? Eliminate poyerty and crime? Enable man
to land on the moon? Etc. .

These four general variables could easily lead to an infinite
number of specific guestions., So before doing any interviewing at
the Fair, several months were given to developing brief, compre-
hensive attitude questions. This work is described in Chapter II.

It resulted.in a L5-item attitude questionnaire,'taking 15-20 minutes
to complete.

Do attitudes change as a result of vieﬁing displays? Pe}haps
the simplest way of finding ouf would be to ask people gusstiions

before they entered the Science Pavilion, and again when they emergzd.

e
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Thus one would have a before-and-after comparison of the same sarple.
Practical problems made this simple design wworkable: it was
difficult to catch the same people at both the entrance and the

exit of the Pavilion. We feared also that two interviews a day
would alienate even the most coop.erativ‘e' iﬂespondent. Instead,

i% was decided to .sample one group of people before they entered

the Science Pavilion, and ancthér--quite independent--group on
emergence.

This would have given us a simple study, one which lent itself
to neat before~and-after comparisons. But such simplicity was not
t.o be.

Crowd flow patiterns turned out 'b§ be exceedingly complex. Peorle
did not pass in a steady continuous stream through the five buildings.
Instead, they overflowed from every exit in the pavilion; they left
the Rest Area to wander back to t‘hé other exposition halls; they
started in the middle of the Pavilion to avoid the initial waiting
lines; they entered in doors marked EXIT....Our initial hopes of
a simple before-and-after sample proved ill-f!ounded.

Sampling necessarily became more complex. Instead of inter-
viewing peoplé at the entrance énd the exit, it was necessary to
interview them at the major waypoints throughout the entire Pavilion.
Altogether, six sampling areas were. used. Their pla.cement is shom;'-.n
in Figurel:l. Although adding to the complexity, this strategic
change allowed a2 more precise measurement of the Science Exhibit's
effects. We could find out the attitude changes occurring in response

to the film in Hall I, to the highly complex exhibits in Hall IV, to

g
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The United States Science Exhibit

~ Area . ' \‘
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Hal ]. ) 1
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Placement of the Six Sampling Areas

Figure 1:1
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the simulated trip through space in Hall III, We could further

find out what kinds of people‘were interested enough to continue

all the way through, and what people dropped out as soon as possible,
Correcting for complexity thus made possible a more érticulated
picture of the viewing experience. .

Measuring Information Retention

We had expected that the measurement of information retention -
would prove simpler than the meésﬁrement of attitude. It was per-
haps simpler in theory, but hafdly in practice.

Success in imparting information was measured for a single
building of the Science Pavilion: Hall IV, The largest building
in the complex, it showed the methods of science as applied to
épecific research problems. Hére were a multitude of display tech-.
niqﬁes, a multitude of appeals and tofiés, all designed to communicate
highly specific information. People were sampled as they entered the
building: a second independent sample was interviewed on exit. It .
soon became obvious that a variety of information scales would be
needed. The riéhness and complexity of the displays precluded a
single,.simple, questionnaire.

The team began by analyzing the information content of each
exhibit; from this analysis, a series of multiple-choice questions
vere constructed. The amount of potential information is showm by
the number of pretest questiqns which resulted-~approximately L50
multiple-choice questions being written!

Four months were spént in preparing these questions, and their
analysis. Picked for the final questionnaire were the clearest,
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Jeast ambiguous, and most discriminating items. Their selection is
described in detail in Chapter IIT,
From this work came eight brief informabion scales, each cover-
ing a single broad content area. Theylvre‘ré: .
(1) Biology (16 items)
(2) Muclear Physics (16 items)
(3) Behavior (12 fitéms)
(4) Botany (6 items)
(5) Applied Physics (16 items)
(6) Macrophysies (16 items) ‘
(7) Buman Physiology (16 items)
(8) Geology (6 items) .
The two shortest écales, each of six 'ifems, were combined into a
single group of items on all guestionnaires. | ' |
The same questions were ask(;cl vefore and after people had viewézd
Area IV Both groups received a background guestionnaire and
(approximately) 32 information items. .
These data allow an item~by-item analysis of learning in
Hall IV. They show the areas in which information increased, and
the areas in which 1little information was retained. Thus we will
be eble to answer not only the general questioﬁ, "Do peopls learn
anything?"-~but can also pinpoint just what had been learned, and
from which displays.

. Finding Backrround Informabion

Who visited the Scieﬁce Pavilion? Does such an exhibit appeal

to some groups more than others? Do some population groups show an

e




-12- ISR:63-5

especially large change in attitudes? In information? Te answer
such questions, considerable background information w.as necessary for
each respondent. The follewing kinds of data were gathered:
(1) Socio-economic background-= Eype of work, Rural-
urban residence , Income, Education, Class stabtus as Jdescribed
by self.
' '(2’) Science backgréi.;nd' 'ané interest---Number and subjects of
science classes ‘taken in high échool and college, .Self—descriptive
raf.ing ofv interest in scienpe.
(3) Circumstances of the visit to thé Science Pavilion—-
Number of people accompanying the respondent, Exhibits recommended
to respondent, Exhibits he would recommend, Exhibits that he was
told to avoid. : ”
(L) Religious preference and frequency of church attendance.
(5) Age, Sex, Home state'or country.
The specific questiéns were, when app.ropria'be s coded so as t¢ allow
comparison with U,S5. Census data. In addition to these variables,
a subsample of respondents was given a General Science Infom'ation
test, to ascertain their background knowledge. Chapter IV reports |
the background questions in greater detail.
Problews of Sampling
Some of the sampling difficulties have been discussed before:
i.e., the coiﬂplex patterns of crowd flow which forced the gathering
e of data from six interviewing areas., But 'l;here were other complexities
as well, These are diséussed in Chapter V 3 here we shall only point

to'some of the xriajor' complexities and their implications.

s
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Statistically, a crowd is a moving mass, made up of individual
bits. From this mbving mass the interviewing crew was to pick a
sample .entirely at random, making sure that each individuwal had an
equal chance of being intervicwed on every questionnaire.

What kinds of things might ih‘berfei'é ‘with this purely random
sampling? In the first place s the inte:f'viewers might bias it by
choosing certain types of pgople 'b,o‘be interviewed. To avoid this,
respondents should be chosen comﬁletely at random. Secondly, the
interviews had to be spaced so that differential attendance patterns
would not bias the sam'pi/e. A1l tests had té be given with equal
frequency in the morning, afternoon, or eyening s and at the beginning,
middle, and end of the week. A third 'SOuI;ce of error--more difficult
to control--lay in the differential réf.usal rates. People in two
areas stood in line waiting for a movie, while in the other areas
they moved steadily along. As might be expected, the samples differed
between different interviewing areas, producing a systematic bias.

The first of these problems--bias in choosing the respondent--
was minimized by adopting a random selection ‘method. Respondents
were drawn from cerbain pre-selected spots in the interviewing
area; when an individual passed by such a spot he was approached
for interviewing, the specific spot varying on a rdtational basis.

The second problem—--bias from differences in témporal attendance
patterns--was met by sampling at each inter'viewin.g area throughout the
day, and at the beginning, middle, and end-of the week. Scheduling
" and budget coinplexities did not allow a complete systematic balanéing
of‘.these variables; Chapter V presents the interviewing schedule



w1y~ ' ISR:63-5

and the number of interviews of all sorts for each time period.
Biases arising from differential refuéal rates were ﬁot
corfectable in the field. The interviewers polled all respondents
who would talk.to them. Still, it was_poséible io look at the
collected data, forxs zome conclusions about the sampling bias, and
nake a few tentative corrections, If, for instance, fewer college
graduates were interviewed in A}eé I than in the other areas, the
samplé from I could be adjusted so that the college graduates were
not under-represecnted in the final tabulations. The nature of
such adjustments, and their rationale, is spélled out in Chapter vV,

Developing Interview Technigues

Interviewing at a Fair‘pfesents unique technical difficulties.
The average man—in-the~streét pollstér.stops a person at randon,
asks a few questions, and goes on to the next respondent. But in
our case the interviewer had to 1nterrupt a busy man, a person often
accompanied by spouse.and children, and ask him for a twenty-minute
interview. This was sometimes seen as an imposition. The interview
content was threatening as well, the usual first response being,
"But I don't know anything about science." The information questions
were similar to school exams and were far from easy. Noise level
during the interview was usually high. To meet these difficulties,
several novel interview techniques were developed.
In assessing aitltuueg, conversablon was largely avoided. The
- questions were placed on a thin metal sheet, the respondent answered
by placing a magnetic bu*ton on the board. Thus he could change

his answers if he wished. The magnetic board technique also

R
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avoided whatever negative connotations might have existe.’ with
paper-and*pencil tests. It had the further advantage of noveliy,
people appeared to enjoy vlaying with the magnets and wabcliing them
cling to answers.

Two procedures were used in administering information question-
naires. The first technique made use of the magnetic boards described
above, the respondent "chec"king"; his answer with a plastic button.
The sécond approach was with an autemated teaching machine and
recorder, the "Autotutor." Altogether 2,602 information inter-
viéws were gathered with the magnetic boards '1 ,180 with the teaching
machines. B

In these teaching machine. interviews, the respondent was con-
fronted by a metal box fhe s.iz.é of a i)o-rtable TV set. To one side
were ten buttons; in the center was a ground glass screen. Instruc-
tions and multiple-choice questlons were flashed on the screen. Thé
respondent indicated his answer by pushing one of the buttons, the
push being recorded on paper tape. We hoped that the novelty and
impersonality of this mechanical interview would lessen resistance
to abstruse questions about the loherovicic discontinuity, DNA,
imprinting, etc.

The majority of thé interviewers were female college students,

" employed on 2 part-time-basis. Each interviewing crew was made up
of a single crew leader and five or more interviewers., The average
“interviewing day was five hourss a longer ﬁorking day tended to_ pro-
duce fatigue. Bach interviewer acted at times s a spotter for the

team, approaching prospective respondents. and requesting their help.

R




=16~ . ISR:63-5

The initial explsnation varied; we soon found that a "standard"
approach settled intqazoﬁtinersounding patter after a while. In
general, something like the following was said:
Hello. I'm from the University of Washington.

We are doing a poll about the Science Pavilion. You

have been chosen as one of the people that we would

like to interview.
Further explanations were given as heceésary.' Needless to say,

volunteer respondents were not accepted,

Measuring Crowd Flow

In analyzing the effectiveness of specific displays, it is
necessary to know which exhibits were most successful in attracting
viewers. It is also pseful to know how sﬁécessfll the entire
Science Exhibit was in attracting its potential audience~~the
average fair-goer.

The attractiveness of specific displays was assessed only in
Area IV, the same area where the information questions were asked.
In order to record crowd flow, time-lapse cameras were mounted above
the crowd, focusing with wide~angle lenses on specific exhibits. An
exposure was made every fifteen seconds; 100 feet of film recorded
an entire viewing day. The films were analyzed with the aid of a
special projector; they provided.data on the number of people pass-
ing a specific exhibit, the average viewing time, and the larger _
‘patterns of crowd fiow throughout the hall., These analyses could
then be coordinated with specific exhibit'variables, and with scores
on scales of information reténtiou; Complete findingé from this

phase of the project are not yet available;’it is anticipated that

.

RN
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they will form part of a doctoral dissertation by A. Doriuvs. However,
certain preliminary results are reported in Chapter IX,

In analyzing total Pavilion atbendance, students were used
instead of cameras. Duriﬁg a seven day period iﬁ July, from 9 a.m.
to 9 p.m., undergraduates stood outside %ﬁe Pavilion complex, record-
ing every person wﬁo entered and departed. From these data came
estimates of the size of the Pavilion audience as compared to the
total fair atténdance by days; the hourly, daily, and weekly crowd
flow through the buildings; and the pattern of crowd flow by particular
entrances and exits. A replication of this crowd count was made during
a three-day period in Oztober., These studies are described in greater
detail in Chapter VIII. |
In Beief:

+ 1, ‘Using the United States Science Exhibit as ‘a natural

laboratory, four main questions were investigated--

*What groups of people are attracted to scientific displays?

*What attitude changes take place after v1eW1ng scientific
exhibits?

*How eff'ective are such displays in imparting specific
information?

What kinds of displays are most effective in produclng
attitude or information changes?

2. Four types of attitvde variables were investigated, the
interviews being conducted so as to get a before-and-after sample
from each area of the Science Pavilion. Thg variables were:

+Stereotypes of scientists.

+Stereotypes of science,

*The meaning of scientific endeavor--the basic nature of science.

+The potentials of science.
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3. Eight‘information scales were developed, énd administered
to people entering and leaving Area IV of .the Pévilion. Informa-
tion items were drawn from displays in Area IV. Their specificity
allowed an analysis of the effectiveness of separéte displays in
communicating information.

L. A1l interviews included background questions. These asked
about socio-economic status, aboﬁt'prior training and interest in
science; the circumstances surrounding the respondent's visit to the
Science Pavilion, religious preference, age, sex, and residence.

5. Ideally, samples needed to be drawn éntirely gt random from
the crowd flow. Three sources of sampling bias were analyzed; two
of theselwere largely correctable in tﬁe field, while the third required
stratified random sémpling from alreaéy4collected interviews.

6. Administering the questions posed unique technical diffi—l
culties: the questionnaires werellengthy, their content threatén- \
ing; distractions were many; items were difficult; respondents were
usnally busy and with little time. To overco?e these handicaps, two
novel interviewing techniques were-adopted. The first used a rating
scale on a thin metal board, with magnetic bubttons as markers; the
second made use of a "mechanical.interviewer,“ an automated teaching
machine with a branching program.

7. Besides the interviews, three subsidiary “udies were con-
ducted. |

*A study of crowd flow patterns in Area IV of the Pavilion,
using time~lapse cameras.

*A study of total Pavilion attendance over a week period,
students counting entrants and departers.

" +A study of reactions tc the total Pavilion experience,
people leaving the Pavilion answering several free-response
questions.,
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CHAPTER 1T
MEASURTNG ATTTTUDES TOWARDS SCIENCE
AND SCIENTISTS

In beginning our exploration, there was no dearth of material.
The growth of science is the key fact of the last three cen%uries;
sensitive and intelligent men have devoted.scholarly years to its
explication. Our work began with reading.

But it soon became apparent, that most of whal was written was
tangential to our problem. Lectures on the scientific method there
were in plinty: essays on operationism, wistful justificabions of
soclology as a science, paeans of praise to the creative imagination
and the dignity of man. "Anti-intellectvalism" was fought valiantly
on the printed page; public ignorance was deﬁlored. Yet there was
relatively little material on public attitudes towards scientists
or science. Several researchers had constructed scales to measure
attitudes aboub science: these did no more than tell the strengfh
of pro~o£—pon feelings. A few public polls had aéked about specific
issues. Such essayists as Sarton, Bronowski, and Snow presented rich,
well-articulated attitudes towards science; bubt surveys of public
attitudes'were sparse, ané simplistic in approach. Thus two needs
struck us as paramount: tc gain an insight into the public view of

~.

science and saientists{‘ and to devise measuring instruments which
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tapped a number of attitude dimensions, allowing a rich sampling of
opinion.

Interviewine for Insight

As a beginning, open-ended and free?ranging interviews were
conducted with sixty people, chosen randoml&.buﬁ not systematically
from Seattle residents (the Lauudrpmat ﬁecame our favérite hunting
ground; people proved hapﬁy.to_be interviewed while waiting fof ‘the
machines to disgorge).

Appendix I reports these interviews in an impressionistic
" fashion. 1n general, wec were impressed that_public understanding
of sclence was greater than our reading haa led us to expect. Nor
were the negative stereotypes (the foolish absent~iinded professor;
the eccentric, irresponsible.écientist) much in evidence., Science
was seen as a good thing; scientists as vseful and able people. Evep
the most‘religious saw no real conflict betweeﬁ Christian_theology
and science. Science was vieﬁed primarily as ;.guardian and servant.

On the other hand, few people were able to give a clear and
articulate pictufe of what science was about. Often the scientific
method was spoken of as "breaking something down," separating things
into parts or elements. The subject matter of science was in the
public view liﬁited to the "hard" disciplines; few people thought of
psychologists, for instance, as sciehtists.' Our general impression
was not that the public was riddled with misinformation, but rather
that public attitudes were marked by counsiderable good will and

considerable vagueness,
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Developing Attitude Questions

How to measure these vague, half-formulated opinions? By the
nature of our task, we needed questions which could be asked of
almost anyone, which were easily émenabié'to statistical analysis,
and which covered much material in a brief time. The search for
attitude items led us through severél different gqusstionnaires
before we finally-settled on the questions to be asked.

As a beginning, it seemed reasonable 0 approach our task by
a variety of routes. Standard attitude scaling provided one tactic.
We wrote a number of attiltude scale items,loften based on issues of
concern to the schclarly world. For insténce, C.P. Snow's notion of
"The Two Cultures" found a pale refleétion in such attitude statements
as "The trouble with science is that it takes too much of the romance,
beauty and interest out of life."- Othér questions asked about con=".
flicts between science and religion, the role of science in public
policy ("Scientists should have no more say in the government than
any other citizen"), and the relationship of science to art. Ve
hoped from %hese statements to derive a group of brief attitude
scales whiéh would meet Gutthan criteria of scalability. Our initial
collection of such attitude statements comprised twenty-three items.

A second route made use of Osgood's semantic differential tech-
nique. For this, the respondent is given é'single concept and

asked to rate it on a series of bipolar adjective scales.



-22- ’ ISR:63-5

Figure 2:lshous Several such adjective scales, as they might have
been rated by an interviewee:
Figure 2:1
Bipolar Rating chleé
How would. you rate the average scientist?
lazy 1 Zgl; 5(6)7 hard working

cautious 1 2(3)L.5 67 - rash
Cyouthful 1 2(3)lh 567 mature

eccéntric 1@3 h 567 conventional

The Osgéod technique seemed the most fruitful way of getting at the
stergoﬁypes of science and scientists in a"iérge scale survey., It
lends itself easily to statistical manipulation yet allows a fair
diversity and range of response. a |

| Fifty word pairs, similar to those shown in Figure 2:1 were chogen
for the initial version of the questionnaire on "Scientists." Fif'b‘y
others were chosen for the questionnaire on "Science." In general,
we chose worcis which seemed relevant froxﬁ our, reading, or from comments
made during the earlier interviews. Table 2:1 lists the ini;bial word
pairs used for describing scientists, Table 2:2 for describing science.

Seven questions in the preliminary questionnaire asked about
the future implica‘bidns of science: in subjéct they ranged from the
automation 6f factory work to lunar explovation, fiom eontrol of animal

heredity to coutrsl of hwman hehavior.
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Table 2:1
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Semantic Differential Iltems Used in the
Initial Measurement of the Concept, "’c:entlst"

hard-working - lazy 26.
rash - cautious 27.
mature - youthful 28,
serious -~ humorous .20,
destructive -~ construc-
tive

30.
rational - intuitive
dishonest - honest 31,
relaxed - tense 3z.
kind - ctuel 33.
patriotic - unpatriotic 34.

25,

polished - socially clumsy
insane - sane - 36.
optimistic - pessimistic 37,

bad - good 38,
friendly - unfriendly 39,
rugged - delicate 40.
leisurely - hasty ' 41,
proud - humble
likeable - unlikeable 424
incompetent - competent 43
cheerful - depressed Lh
stupid - intelligent 45,
sober - emotional 46.
difficult to - comfort- L7,
be with able_to 48
be with .
well-paid - poorly paid 49.
50.

adventurous - timid
inconsistent - consistent
boring - interesting

has usual . has unusual
political political
views views

physically - physically
weak strong

confident - unsure
selfish - unselfish

‘naive - sophisticated

active - passive

has unusual -~ has usual
moral views moral views

imaginative - unimagina-
ative

disloyal - loyal

calm - agitated

unoriginal - original

influential -~ uninfluen-
tial

outward-looking - inward-

looking

has usual -~ haS unusual
religious  ggligious
view§ lew

rigid - flexible

negative -~ positive

‘eccentric - conventional

stable - changeable

unusual - usual

tender - tough
masculine - feminine

unwilling to - willing to
make changes make changes
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11.
12,
13.
L&,
15.
16.
17,
'18.
19.
20.
21.
22.

23.

24,
25.
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Table 2:2

Semantic Differential Items Used in the

difficult - easy
shallow - deep
imperfect - perfect

comfortable - uncomfoyt-'
able )

meaningless ~ meaningful

woving ~ still
pure - impure
strong - weak
unpleasant - pleasant

intentional - uninten-
tional

complex - simple

lasting - transient
eccentric - conventional
uncertain - certain
colorless - colorful

liading - following
consistent - incensistent
inhuman - human
sophisticated - naive
new - old

motivated - aimless
unfriendly - friendly
incomplete - complete
kind - cruel

clean - dirty

-

26,

27.
28,

29,
30.

31.

32,
33.
34,
35,

49,

50.

‘dangerous -

Initial Measurement of the Concept, "Science"

worthless ~ waluable
peaceful .« ferocious

intelligible - unintelli.
gible

intuitive - rational

destructive -~ construc-
tive

dissatisfying - satisfying.
proud - humble
boring - interesting

“youthful -~ mature

huge -~ tiny

ciear - hazy

feminine - masculine
safe
reliable - unreliable
cold -~ warm

partial - whole
good - bad
rough - smooth

‘harmful - helpful

humorcus - serious

calm - excitable
effortless -~ laborious
ugly - beautiful

uninfluential - influen-
tial

attractive - repulsive
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4 sample-~

Do you think that science will ever be able %o
create life? How likely is it?

very unlikely 1 2 3 4 5 6 7 very likely
Seven other questions gave seven de:lt‘ini“o.ions of science; the
responcien’c- was asked to pick the best;, the next best, and so on. The .
‘definitions, while based on stereqt&pes encountered in reading and
interviews, were phrased anew. I feel apologétic about them; they
are not graceful, and any philosopher of science could object to them
all as missing the quintessence of science. But it is nol easy to ask
about the philosophical quintessence of science in a public opinion
poll, especially when we know that some r;sponden’os will have trouble
reading more than simple nefrrspaper teict_. The one definition which
seemed o us most adequate was the following:
Science is simply a method of finding out about things.
The scientist tries to figure out how something happens; then
he tests his ideas with further observations to see if they
are right.
This may be contrasted with two other definit‘ions, both of which

turned out to be popular with the public:

The scientist is anyone who is searching for truth. Any
search for truth should be called a scieuce.

Scientisls are people who break things down into parts

and elements, in order to see how they fit together. Science

is a keen analysis, an attempt to figure out important things

by brezking problems down into parts. .

Finally, the initial questionnaire listed eleven occupations;
-the respondent was to check the ones that were scientific in nature.
The list ranged from asti'ologer to physicist, inquiring along the
way about engineers, botanists, astronauts, cabalists, psychologiste,

RPN

etc.
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Altogether, then, the initial attitude questionnaire contained
141 newly devised iteﬁs. It also contaiﬁed 36 other items, drawn
from Eysenck's work on atfitude dimeusions.

Briéfly, Eysenck had found that man& spécific”opinions can be
accounted for in terms of two general predisﬁositions: a predis-
position towards conservatism or paﬂic#lism, and a predisposition
towards tough-mindedness or tender-mindedness. It occurred tp us
that attitudes towards science might also fit into these two dimen-
sions. The possibility seemed worth exploring; therefore questions
from scales of "Radicalism" and "Tough-mindedness" were included in
.the initial questiomaire, .- .

The full questiommaire is given_iq Appendix IX.

Analyzing Atbitude Ouestions.

With such a muitiplicity of questions, different methods of
analysis were necéssary. Some items were designed to go together
into attitude scales, others to be tabulated and used as single
ratings. Therefore the discussion which follows is divided into
three sections. The first deals with tue attempt to produce unidi-
mensional attitude scales; the second considers findings from a
preliminary factor analysis of semantic differential ratings, selected
attitude items, and Eysenck's Radicalism and Tougﬁmmindedness scale
scores; the third section deals with items on the meaning and

potentialities of séientific endeavor.
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I. The abtempt to produce unidimensional attitude scales: Our
attitude items fell into threé.general content categories; it was
hoped that they might make up three different scales. The first
scale would concern the power appropriateiﬁo sciénce, and the
place of science in polity. The secondlwould deal with the rela-
tionship between religion and science ("Ged's word is more important
than anything the scientists miéhi turn up in their studies"). The
third'ﬁould contain items of a generally favorable or unfavorable sort;
it would measure positive or negative feelings about science. But
befor: combining any items into a single scalé with a Single'score,
it was necessary to analyze their interrelationships, each ﬁith the
:other. Do all the items on science and religion, for instance, seem
to be measuring the séme thing? Are the itéms within the scale

homogenecus? To answer these questions, Gubtman's method of scale-

R 1
gram analysis was used.

1Those unfamiliar with this particular tezchnique may find the follow-
ing description helpful. '

Guttman scalogram analysis is a method for testing the "unidimen-
sionality" of an attitude scale. A scale is referred to as "unidimen-
sional® if (1) the scale items all measure substantially the same trait
or attitude, and (2) each scale item reliably measures different amouris
of that trait or attitude, over a fairly broad range. As can be seen,
a scale may be homogeneous without being unidimensional, since the itens
may each measvre the same traibt but not vary in the amount of the trait
implied. If a scale is unidimensional, however, it must also be homo-
geneous,

Guttman's method requires an examninaticn of patterns of item response,
If a scale is truly vnidimeunsional, two people with the same scale score
should have answered the cpecific scale items in much the same manner.
But if the scale is not, then two people with the same score could have
responded very differently to the specific items in the scale. For

4

example, two people might both have high scores on a personality question-

naire, and yet have answered few of the scale items the same way. In
such a case, we would conclude that the questionnaire was not unidimen-

sion. R (continued next page)
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The attitude items were given to 150 college students vaking
Introductory Sociolog& at the University of Washingbon. We know of
course that answers from this group will be different than those
from the general population. Tut for ohf'analysis it did not matter;
here we were only interested in the wéy the questions related to each
other. We felt that if the'attitqdé scéles turned out to be unidimen-
sional when answered by coliege students, it was likely that phey would
also prrove unidimensional when answered by the public, especially since

* the general public would probably have a greater response rénge.

Table 2:3 presents the resulis of the scalogram analysis.

Table 2:3 :

A Scalogram Analysis of Three Abbitude Scales

. Number :
Scale of itens MR Bep
Perceived conflict of science
and religion seeeseesececees 5 R
Power appropriate to science.. 6 bl .68
General evalvation of science. 10 8L .8h

“~

(Footnote continued)

Guitman has suggested several statistical indices for evaluating
the unidimensionality of response patterns. The first index, the
Coefficient of Reproducibility (Rep), tells how accurately one could
predict the patiern of a subject's item responses by knowing his total
scale score. The other iadex, the Minimum Marginal Reproducibility (MMR),
tells how accurately one could predict the pattern of any subject's
responses from knowing only the most frequent response pattern given by
many supjects. A scale is unidimensional (and therefore homogeneous)
-if one would be relatively unsuccessful in predicting from the most
frequent response pattern, bub relatively successful in predicting
from the total scale score. In other words, if the MMR is low, and
the Rep is high, one has a relatively homogeneous scale.




-29- ISR:63-5

None of the scales are acceptable in terms of the usual scalogram
criteria., Dropping out the least sabisfabtory items still failed to
produce Scales adequate to our needs; this particular epproach was
therefore abandoned.

The work was not entirely wasted howevef. Some of the statements
were intrinsically iﬁteresting in ﬁhemsélves, and received a wide range
of answers. Later analysis also showed some to be homogencous by factor
analytic criteria. Four such items were retained for the final question- !
naire? namnely ceee

Science is so 1mportant to the world that scientists should have
a strang voice in the government.

Scientists should have no more say in the government than any
other eitizen.

God's word is more important than anybthing the scientists mlght
turn up in their studies.

Individual scientists should take more responsibility for the
way scientific discoveries are used.

II. The Factor Analvses of Semantic Differential Ratings: It will

be recalled that the initial questionnaire cohbained 50 bipolar adjective
rating scales for describing "Science," and 50 for describing "Scien@ists?
These rating scales were filled out by the same 150 sfudents who sup-
plied the data for the scalogram analysis discussed above,

Once again, our purpose in collecting this matérial was not 4o find
out how studenus felt about "Science" and "Scientists." Rather, we
were interested in the relationship between. the various adjective rabing

scales, and in the overall structure of attitudes. Although students

were likely to differ from the general population in the content of
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Because of this, we felt relatively safe in factor analyzing the rat-
ing scales, and choosing for the final questionnaire those word pairs
which gave the purest factor measures.

The above parngraph is probably mganingless'to readers unfamiliar
with factor analysis. The basic idea i; relatively simple, however.
Wz took 50 different ratings and analyzed the relationship of each
rating to all the others. Then: making use of a mathematical tech-
nique kﬁown as "factor analysis", we discovered which rating scales
appeared to beloné together, i.e., which ones all seemed to measure
a single underlying attribute, From this we ﬁere able to pick out
those few rating scales which gave the "best" measure of that attribute
(or, in more technical language, those which had high loadings in one
factor and low loadings in all others).' So when the analysis was
finished, we emerged with fewer rating scales, but rating scales
which seemed to measure much tha£ the original 5C had measured.
Osgood!'s earlier studies with the seméntic differential indicate
strongly that these are pretty much the same Fating scales we would
find if we collected our data from a sample of the general public,
rather than from college students.

Ratings for ths concept "Science" were factor analyzed by the
principal axis method, and rotated to orthogonél simple structure'by
the method of analybic iterative rotation. As well as tha 50 adjective
rating scales, the following variables were included in the correla-
tion matrix: |

Scores on Radicalism-Conservabism Scale

Scores on the Tender-Tough Mindedness scale
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Responses to the attitude statewment, "There is really
no basic conflict between science and religion."

Responses to attitude sfatement, "Seience is not
really to blame for the arms race,"

Responses to the attitude statement, *God's word is
more important than anything the scientists might-
turn up in their studies."

Ratings showing the amount of conflict between
science and religion,

The anélysis isolgted eight faétors, accounting for 51 per cent of ths
total variance, The full matrix of principal axis factor loadings is
given in Appendix IIX, and of loadings after }otation in Appendix IV,
4 brief summary of the factors and the items which define them is
provided by Table 2:l.

Items retained for the final quésﬁionnaire are marked with a
"+" before them. All factors are represented in the final poll
except for facbor VILI. This, the "difficulty" factor, was excluded
because it contained no item with a high factor loading, and only one
item which did not have its major loading on another dimension. Its
exclusion was perhaps justified on psychomebric grounds, although as
the project progressed, I came to regret the decision.

Much the same. procedure was followed in analyzing items Tor the
concept, "Scientist." These too were factored by tpe principal axis
method and rotated to orthogonal simple structure. Besides the 50
semantic differential scales, the following scores were-included in
~the analysis: '

Scores on the Radicalism-Conservatism Scale

Scores -on the Tender-Tough Mindedness Scale
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Table 2:)
" Factors and Marker Items

‘for the Concept "Science"

Fachor Label Ttem o Loadingst B
I  Aubhoritarian- +Godl!s word is more important than
ism anything the scientists might turn
up .:Ln their‘studies.-u-u--uu---u-u---u-uu .97 .57
Radicalism-Conservatism scale score ...... -.88 Lt
Rational-intuitive reting veeeeessceseses .88 37
Tender-Tough mindedness scale SCOTE seses .81 NIl
IT  General Colorful-colorless rating ceeescorocssses =496 A5
Evaluation
+Constructive~destructive rating veeeeesce =.93 Q2
+Good-bad ratinf; ;-'.----o---u--oo-a-c-c-.-- "-93 '61
‘l'Valuable"WOI"GhleSS I’ating.-.-..,---.....o-.. -089 u52
Friendlyhunffiendly ratingecesooececenses -.88 37
IIL Progress +Following-leading rating ceeecesccesceses 498 63
+Aimless-motivated rating coceeieecencnees .95 .7h

1

+Unintelligible-intelligible rating ..o... 94 .66

Inconsistent-consistent réting veesesesse 88 L6l

IV Perfection +Certain-uncertain rabting eeesensessesssee 492 62

+Perfect~imperfect rating secoevcecrceeses 092 61

+Complete—incompleté Tabing eeeesesrecccss 90 .55

V  Potency fYouﬁhful~mature Tabing ceesevesscesseeses ~o91 A3
Rating showing the amount of conflict

between science and religion eeeeesievess -.86 .19

+Feminine-masculine rabting :eeveessessesss =o76 118

Uninfluential-influential rating seevesss =.63 62
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Table 2:h (Continued)

Factor Iabalit Ttem . ' , Loadingws:
VI No Label +Calm-excitsble Tabing eeeeeseseccesees =89

lrgly-beau-ti‘flll ra‘bir‘g LK BRI AR BB R BB B N B BN BN N - .67

VII. Comfortable +Cold-Warm Tabing eeevsceesssscessncosee  =e93

R.o’ugh"smoo“l.h I‘a't'.i.ng coiesesctbasceseos e - .:82

Dangerous~safe rating eeeeceesccescceass  =o69

VIIL Difficulty Unpleasant rating eeeeseoceseesscceenss =o01

&

Eagy = @ifficult rating eceeesessesccesss .61

The factor labels listed here are, like all facltor labels, tags
of convenience. They represent the author!s best guess as to
the similarities between items having high loadings on that
factor. ' :

These loadings are from the factor matrix ‘after rotation to
simple structure. They differ from the usual form, however,
in showing the amount of gommon variance accounted for by that
factor--ie, they are estimated on the assumption that the item
communality is equal to 1.00, They are thus analogcus to cor-
relation coefficients after correction for attenuation. If the
reader wishes, they are easily convertible to their raw form
by making appropriate substitutions in the formula

(Corrected loadinz)z = _Z? ] 5
100 w2 5 and solving for x .

The value > gives the-uncorrected loading.
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Responses to the attitude statement, "Science is so
important to the world that scieutists should have a
strong voice in the government,®
Responses to the attitude statement, "Scientists should
have no more say in the government than any other
citizen." : :
Responses to the attitude stafément, "Individual scientists
should take more responsibility for the way scientific
discoveries are used."

Ratings showing the amount of responsibility scientisbs
should have in forming government policy.

Nine factors were isolated, acéounting for 51 per cent of the total
variance. The full matrix of principal axis factor loadings is given
in Appendix V, the loading aiter rotation in Appendix VI. A brief
summary of the factors, and their defining items, is presented in
Table 2:5,

4s pefores, all items retained fo? fhe final questiomnaire are
marked with a "+", Two factors had no items with a high enough
loading to merit their use; these were accordingly dropped.

. So far this discussion has been ériented around methodological
problems. The need to develop scales for the, main study was of cource
paramovnt in our thinking, and so governed our research. On the oﬁhef
hand, the resulis of these factor analyses have a certain interest in
themselves, gquite apart from their relevancé to the Science Pavilion.
Thus Eysenck's claim that attituvdes are organized arQund two main di-
mensions——Radicalism and Tough~Mindedness--was not substantiated by
our findings; instead both scales seemed to be measures of the same
factor. The attitude dimensions found for "Scientists" have relevance
to other problems, being particularly germaine to studies of stereo-

:typing and social perception. Time pressures preclude a thorough
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Table 2:5
Factors and Marker Ttens for the

Concept "Scientist®

Pactor Labelt Iten Loading# h>
I General Evaluation Insane - sane rating 92 9
Stupid - intellicent rating .92 JTh
+Boring - interesting rating 91 .68
+Unoriginal - original rating .90 .66 .
Lazy ~ hard working rating .88 N
Bad ~ gocd rating .86 .65
II Neurotic Ineptitude  +Polished ~ socially clumsy rating .96 A2
+Calm~agitated rating .90 .5h
+Relaxed ~ tense rabing .89 48
Cheerful =~ depressed rating .78 Nan
Likeable ~ unlikeable rating .78 .61,
IIT Authoritarianism +Individual scientists should *take
more responsibility for the way
scientific discoveries are used ~.88 Jil
. Radicalism -~ Conservatism Scale
( score N A ¥ |
Intuitive - rational rating .86 «39
Tender-Tough Mindedness scale
score 13 37
IV Public Responsi- Scientists should have no more ,
bility +say in the government than any
other citizen 92 3
Rating showing amount of responsi-
bility scientists should have in
forming govermment policy -.87 «1i5
Cautious =-rash rating ~.68 Q2
Science is so important to the
+ world that scientists should have
a strong voice in the government =-.66 .5
V Assertive Activity + Adventurous - timid rabing - .87 .62
+ Active - passive rating -7l .55
.Stable - changeable rating .72 40
VI The Quiet Scholar + Proud ~ humble rating .8l 52
Stereotype + Leisurely - hasty rating ~.71 7
+ Well paid = poorly paid rabing 61 .55

e AL e T N 150 S S 47 A

% (as in Table 2:L)
(as in Table 2:L)
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Table 2:5 (continued)

. ' 2

Fachor, Label¥ Een Loadingt h_
VII Eccentricity +Unusual - usual rabting LT 62
+Ececentric - conventional rating 73 51

Influential ~ uwninfluential rating .08 .h3’

Tender - tough rabing. L6l .35

VIII No label Rugged ~ delicate rating .50 .38
IX  No label Naive - sophisticated rating 51 .50
Imaginative - unimaginative rating L9 .59

s (as in Table 2:l)
% (as in Table 2:)
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analysis of such leads; this must wait for the future.

In any event, the immediale needs were met. Thirteen word
pairs had been extracted for rating "Science," thirteen for rating
"Scientists.”™ A few attitude statementslwefe also found to provide
important dalta and were retained.

IIT Analyzine the meanine and potentialities of sciemce: For
two other groups of questioﬁs, ;naiysis was less complex. These
comprised seven statements which.the respondent was to rank, on the P
definition of science; and a list of professions, the respondent indi-
cating which 6nes were scientific. The distribution of responses was
analyzéd; we wished to make sure that no items were so obvious that
everybody agreed in their answers. One definition of science was
dropped since it received universally 16w endersement., Table 2:6 shous

the'items retained.
Table 2:6
Definitions of Science

Used in Final Attitude Survey
* And Mean Rank Assigned by 150 Students
. s Mean
Definition o Rank
Science 1s simply a matter of logical thinking. The scientist L
tries to figure out problems in a logical way.
Science is simply a method of finding out about things. The 1

scientist tries to figure out how something happens; then he
tests his ideas with further observations to see if they

are right, ‘ _
Science is an organized collection of facts. The scientist's 6
job is'to collect facts on various problems.

Scientists are pcople who break things doun into parts and 2

elements, in order to see how they fit together. Science
is a keen analysis, an attempt %o figure ont importvant things
by breaking problems down into parts.

The scientist is anyone who is searching for truth. Any 3
search for truth should be called a science,

" Science is simply an attempt to make the world a better place 5
by discovering new inventions and faclts. The scientist is a
- person who attempts to produce better things for better living.
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Table 2:7
The Poltenutials of Science:

Final Questionnaire Ttems and Mean Student Responses

Mean
Lien ' Raling

ettt el

Do you think that man will have Very s Very
landed on ‘the moon by 19807 + . unlikely " likely
How likeJy is it? soevVvenecnoOCcerO0n D 12 32.1567 6.]3

Do you think that science will

ever understand so much aboul

human beings that crime and

poverty can be elinminalted? : '
How likely 18 4t2¢iveevecocrvosruns 123L567 3.26

How likely is it that scientists
will be able to create new species
of animals by changing heredity? .. 1234567 5.3

Do you think that science wilsi

ever be able to predict and

control the behavior of individual

people? - How Jikely is it? . . ow = 123 L5617 1..06
Do you think that science will

ever be able to create life?

I'IO‘W likeljr is it? tacsesacscReTEI st 123'4567 3090

1
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From the 1list of ele";ren professions, four occupational titles
were rebained. They were, (1) An electronics. engineer, (2) A
physician, (3) A physicist, and (L) A psychol;aéist. Their in-
clusi011 was enbirely on rational ‘ground.s‘.' Bo.th the electronics
engineer andthe pﬁysician apply their knowledge to practical problems.
Given the pavilion's emphasis on “p;are" science, we might expect
some change tol océur in the frequency with which applied occupations
were seen as scientific. 1In several sections of the pavilion the
study of humah and animal behavior was presented as a branch of science;
perhaps as a result the psychologist might come to be seen as more
scientbific, The physicist category was retained solely because we
felt that respondents might find the task pleasanter with one in-
arguasble case.

A final grour of questions asked about the future and the likcli;
hood of specific advances. Two of these were dropped from the final
qQuestionnaire, our lrguinea-pig students complaining that the statements
were unclear or ambiguéus. The retained items‘: are presented in Table 2:7.

Mtogether, then, the final questionnaire contained LS items.
Further pretesting on the fair grounds indicated that ten to fifteen
minutes sufficed for its admihistration. A1l items seemed easy enough
tv answer, with the exception of the six definitions., Resistance to
‘them was not so great, however, as to force their discontinuation., The
final quaétionnair’e 1s given in Appendix VIT.

In Brief:

1. Prior-to developing attitude séaleé s open-cnded interviews on

science ond related .t;ioi'cs'-were held witﬁ 60 Seattle residents. Atbi-

tudes were generally favorable, but vegue,
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2. Several techniques of attitude measurement, covering a wide
range of content, were pretested on a sample of 150 college students.
The respondents described science and scientists on bipolar adjective
scales, ranked definitions of scignce, evaluated the future implica-
tions of scientific research, told whichléf eleven occupatbions were
scientific in nature, and reéponded‘to 23 atbitude statements. The
latter were designed to assess three vaviables: (1) Perceived conflict
between science and religion, (2) Power appropriate to science, and
{3) General evaluation of science, Also included were most of the
items in Eysenck's Tender-Tough Mindedness scale and Radicalism-
Corservatism scale.,

3. A factor analysis of 50 adjective ratings for the concept

UScience" isolabed eight factors; these were labeled as follows:

"« Authoritarianism « Potency
. General evaluation “ . (No label assigned)
« Progress . Comfortable
. Perfection . Difficylty

Thirteen adjecbive scales, those with highest and purest loadings on

seven of the above factors, were retained for the final questionnaire.

L. A factor analysis of 50 adjective ratings for the concept,
"Scientist," isolated nine factors, the last two being indeterminant
in nature. The seven most clear are here listed:

. General evaluation . Assertive activity

o Neurotic ineptitude « The quieﬁ scholar stereotype
+« Authoritarianism « Eccentricity

« FPublic responsibility

-
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Thirteen adjective scales wers retained as measures of these seven i
factors,

5. A scalogram analysis of 23 attitude statements gave.negabive
results; the items failed to meet accepﬁable standards of unidimen-
sionality. However, four of the items were retained because of their
intrinsic importance and because #hey ﬁere found to provide relatively
pure factor measures in thé factor analysis cited above.

6. Opinion questions about the potentialities of science were
pretested; two of the seven were dropped because of ambiguity or lack
of clarity.

7. Six definitions of science were retained for the final question-

naire. The key concepts of each are listed below:

o Science is logicsl thinking . Science is a breaking of
things into paris to see
« Science is a method of investi- how they go together..
gation. :

. Science is a collection of facts. . Science is an attempt to
produce better things for

+ Science is any search for truth. better living.
t

8. Four occupational titles--electronics engineer, physicist,
psychologist, physician--were retained to see whicb were regarded as
"scientific," o

9. The final atbtitude questionnaire consisted of L5 items taking

10 to 15 minutes for completion.
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CHAPTER IIT -

. MEASURING INFORMATION RETENTION

The‘sheer volume of informatioﬁ contained in the Science Pavilion
exhibits was immense; immense, t0o, would be the task of polling every
bit of it. Only by restricting our attention to one specific Pavilion
area, and by asking a relatively small number of questions, would a
survey be possible. The area chosen for studying information reten-
tion was Hall IV, devoted to "ihe ﬁethods“of Science." From a much
larger pool of possible questions, 104 were chosen. The criteria
governing these choices are described in the present chapter, But
before discussing problems of item selection in detail, let us first
look at certain other issues relevant- to information retention,

_ The exhibits in Hall IV were varied and complex; few people
viewed them all. It thus was necessary to £ind out which exhibits
the respondent had particularly noted and liked. If information
increased at all, we would expect it to increase mostly in response
to the liked exhibits. So questions sbout exhibit preference were
included in the interview,

In addition, we had a hunch that peopie who already were knou-
Jedgeable about science woﬁld retain more information, To test this,
a subsample of intefviews was preceded by a general science scale, using

|
questions originally standardized in a test from Acorn Publishing

—~. .

.

*
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Company. Besides these test scores, we also asked the usual back-
ground questions of all respondentis.

Other questions occurred *to us aléb; I£ will be recalled that
time-lapse movies recorded patterns of crowd flow in Hall IV; these
movies allow a separate aualysis.of relationships between frequency-
of-viewing and information retention. TFurther, it is possible to
look at the displays themselves, and see what things about an exhibi’
are most attractive to the viewers and/or seem to communicate the
most information.

These separabe and complex analyses of the data largely remain
to be done, although some preliminary data are reported in Chapter IX.
But here, and in Chapter VII, we shall report the work acconwlished to
date: the development of information questionnaires, and the overall
findings on information retention.

Choosing Informmation Items

When we began our work, the spscific di;plays in the Science
Pavilion bhad not been constructed; we had only the haziest notion of
their final form. We did, however, have preliminary copies of the
explanatory text accompanying each exhibit. From these texls the
information questions were developed. |

The iﬂitial step was a content analysis, the information in each
text being abstracted. From this content analysis, a pool of h1¢

tentative multiple choice questions was developed.
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Some examples:
The center of the retina of the eye is called
1. the fovea
2. the pupil
3. the cornea
L. +the extophelia
In some cases, NGF may stimulate the growth of
l. cenbral ganglia
2. sensory ganglia
3. peripheral ganglia
L. parasympathetic ganglia
Scientists learn about the nucleus within the atom by
l. electron bombardnent
2. microscopic examination
3. radio wave concenbralions
b. studying the solar system
The tiny atom is
1. invisible )
2. visible to the naked eye
3., visible, but only with a microscope
“h. visible, but only to scientists
As these samples make clear, the questions ranged from the simple to
the abstruse, Note too that some might be answvered correctly on the
basis of comwon sense, or skill at guessing, rather than from actual
knowledge., HNeeded was a final group of items which were neither too
! '
simple nor too complzx, and which measured real knowledge rather than
the ability to guess correctly. Further, we wanted to be sure that our
items were drawn from displays in all parts of the exhibit hall, and
covered all the field of science shown.
As a stort, we grouped specific displays by field. Table 3:1
lists the varlous displays, grouped into eight general content categories.

Each of the eight cafegories needed {c be sampléd with appropriate

" questions,
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Table 3:1

Specific Displays in Hall IV, Arranged by

1.

L.

General Content Calegorics
8

General Biology:

The cell .
Cell reproduction
DNA

Virus

Human Physioclogy:

The central nervous systen
Nerve growth factor

Eye structurs

Muscles

Botany:

Phytochrome
Plant growth

Behavioral Sciences:

Imprinting

Maternal affection and nonkey behavior
Nuclear Physics:

The atom
Structure of the nucleus
Cloud chamber and cosmic rays

Macrophysics:

Astronomy
Radio astronomy
Auroras

The sun

Applied Physics:

Fuel cells and electricity
Artificial diamonds
Ultracentrifuge

Satellite tracking station

Ceology:

Inside the earth

ISK:63-5
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In our item selection we tried to meet the folloﬁing criterias

1. Questions sampling any particular content category should
range from easy to hard. 7Too many easy items would result in

a scale insensitive to the thorough learner, too many hard

items would cause respondent diss a‘:-isfactiop.l

2. Each m2in display should be represented in the item selectiomn.
3. The items should not be redundant.

4. Ttems should be true measures of information, rather than
measures of guessing skill,

5. Ttems should be homogeneous enough to allow their combination
in a single test sceore, in case we wished to make comparisons
between general content categoiries.

To meet these criteria, each of the 419 questions had to be exam~
ined to find its difficulty level, i.e., how often the correct answer
was endorsed. Repetitious itewms had {',o be weeded out. Each question
had to be examined by a knowledgeable scientist to eliminate factual
errors. And, finally, every item had to meet certain other standards
if it was to be regarded as a trie measure of informalion, rather than

as a measure of guessing skill,

To begin with, eight separate groups of questions. were mimeo~
1
graiahed. Each group covered one of the general content categories
listed in Table 3:1. The number of items varied from group to group;
thus, 10)4» questions were included for general biology, bul only 13 for

botany. The full questionnaire is given in Appendix VIII.

L In our original planning we anticipated that each scale might start
off with easy itews, and continue through more difficult ones. 7II the
final scales met certain scaling standards, we could discontinue ques-
tionning when the respondent was obviously out of his depth. This plan
proved impractical, however, since some of the interviewing was done
with teaching machines, and these did not have the requisite branching
capacity.
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Bach group of itums was then given to a sample of fifty college
students., A total of 250 students served‘ as subjects. Responses to
every question were tabulated, giving a measure of item difficulty.

How to evaluate whether the item wé;é a true measure of knowledge,
rather than a measure of guessing skill? With a large group of questions,
it seemed to us reasonable 'bila*a ,.pe'o;('nle 1:rho answered the majority of
questions correctly would bé people with the greatest knowledge. In
other words, we might think of all items in the group as comprising a
crude sort of test. In gensral, the people with high scores in that
test would be the most knowledgelable. And if this were so , then tie
items which best measured knowledge would be most often answered cor-
rectly by the people who made high scores in the test. On the other
hanc_i , poor items (those which measured guessing-skill or were ambiguou:
and misleading) would not discriminate as well between people with high
and low test scores.

One might argue, of course, thal people who achieved high scores
might have done so by their guessing skill; and that items which dis-
eriminated high and low scorers were questions which were easiest to
guess. Bub we had tried hard to eliminate extraneous cuves when we
prepared the original questions, so it seemed likely that the final
score was \mainly a knowledge measure. . |

Follow;'mg the logic outlined above, eaé:h studeﬁt was essigned
a total scale score: consisting of the number of right answers given
to all items. Then cach gi’oup of fifty students was divided intc two
halves; those who had scored high and those who had scored low. To
i‘ir;d oub how well any ';')articplar question discriminated between the

two groupz, we found the percentage of low-scoring people who answerad
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it correctly, and compared this with the percentage wﬁo answered coo-
rectly in the high-scoring group. The reiationshi.p between each groun
and the percentage of right answers for any particular item was evaluated
with the tebrachoric coefficient of correiation. In sppendix 1X.

the results of these data analyses are given. A test made vp of items
with high coefficients should be.liﬁtle affected by guessing, and

should be homogeneous enough to allow a meaningful total score.

Thus two criteria entered into the initial item selection:
the items should range widely in difficulty, and they should have
tetrachoric coefficients above the group median.

Items in each series were rank—ordereé with respect to the
percentage answering the item correetly; and the ranks divided into
four subgroups. Equal numbers of items were chosen from each aubgroup
whenever possible. Those items having the highest tetrachoric coeffi-
cients were retainad for further analysis.

The candidate items were next examined to find which ones coversd
the largest number of exhibits, Redundant quéstions were eliminated.
Each item was evaluated either by a biologist, a physicist, or a
psychologist, to make sure thalt ro factual errors had crept in.1

As a final check, we then visited Hall IV--by tﬁis time in
operaticn--to see if the candidate items were still on exhibit, and
to guard agéinst vocabulary changes.

With three exceptions, all eighl scales resulted in 16-item tests.

Thé three shorter tests were those on Behavioral Science (12 items),

1 we wish to express our appreciation to Oscar Sander and Fhilip Loe
for their help on this task.
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Botany (6 items) and Geology (6 items).

The scales, in their final form, are shown in Appendix X.

1. Studies of information retention were limited to a single
hall of the Science Pavilion: Hall IV, This area was devoted to
"The Methods of Science," and ogn@ained‘axhibits differing widely
in subjecl matter and in displgy'technique.

2. Four-hundred and nineteen information items were drawn
from display texts, and multiple-choice questions composed.

3. As a preliminary step, the exhibits and the questlons were

categorized under eight headings: ' viaz,

* General Biolégy *Nuclear Physics
* Human Physiology *Macrophysics

* Botany . *Applied Physics
* Behavioral Sciences *Geology

i, Candidate information questions were given to 250 college
students. Using these preliminary data, each item was evaluated on
sev:ral criteria:

*Difficulbty lavel of the item.

+Sanpling adequacy of the item (i.e., was it dréwn from a
display whose content was untapped by other items?).

Jiscriminating power of the item, as given by the tetra-
choric coefficient. .

sFactual accuracy, and lack of overlap with other items.

Those most satisfactory were retained for the final guestionnaires.,
5. The final information measures consisted of eight different

scales, the majority containing sixteen multiple choice items,

—



~50- ISR:63~5
CHAFTER IV
MEASURING BACKGROUND CHARACTERISTICS

It is unlikely that the Seattle Faiy attracted a representative
sample of U.S. citizens; it is even less likely that the Sciénce Pav-
ilion drew equally from all socio-economic strata. What kinds of
people viewed Lhe exhibits?> hnd'wére different types of people affecied
in different ways by the Pavilibn? To answer these questions in any
detail, a goodly number of background questions nceded to be asked.
This chapter describes the items chosen to make up the background
questionnaire,

Three general topics were probed: +the socio-economic background
of the respondent, his specific contact'with science in school and the
circumstances of his visit to the Pavilion. The speéific'questions‘for

each topic are described below.

Measures of socio-economic bricks: und:

Under this heading are included a variet& of census-type questions,
as well as other questions which have been found pertinent to political
and social alttitudes. The respondent was asked about his occupation,
his income 1eve1, his education, his religious preference, his age,
and his mar;tal status. He was asked to tell whether he thought of
himself as "being in the upper class, upper-middle, middle, lower-middle,
or lower class." Place and length of fesidence were probed. The res-
poﬁdent's sex was noted by'the interviewer. The specific questions are

shown in Table L:1,
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Table k:1
Specific Background Questions:

Socio~Economic Vaiiables

Oceupation - Income
What kind of work do you do? = What is the troad income group

in vhich your total family

i et 1TCOME LOP 1961 fell? (Fam-
(Occupaiwons "Such a8 10th grcdc tea cher, ily income includes all income °
IV repairs, truckdriver, retired, house- of all relatives living in
wife, student, uvnenploycd, unable to the houschold.()
work, ete.)

(Cirele code)

What, kind of business or industry do

you work in? Under $1,C0c0000eeeess OL
o bt sony B i e e AR 6, 1,000 e 1,999- csecresv 02
(CiTy high school, radio & TV service
construction, etc.) 2,000 - 2,999 c¢00e0e.. 03
Class of worker: (Circle Code) 3,000 - 3,999 ¢ 00000 Ob
For government.eeeeesess 1 _ h,000 = L,999 ¢eeeeee.. 05
For private employer.... 2 5,000 = 5,999¢c000eesss 06
In own bUSiNEsS...eeeees 3 6,000 = 6,999...00000e. O7
75000 = 7,99900rsveeess 0B
Educablor

(Circle Code) 8,000 = 8,999.¢.00seres OB

4

Some grade 5chotleseeescsecses 1 9,000 = 9,999 c0c0eeees 10
Completed grade school.s.seess 2 10,000 =~ 11,999 000uesos 11
Some high SChOOL.cvruseonnsee 3 15,000 = 24,999, 0e0sin. 12
Completed high schoolieveesess U 25,000 ~ and overeeecees 13

| B0ME COLLEZE e arrrennrorrascons §
Corﬁpleted C")l].egeo s e n‘. se 9400 6
: What is the month and year of

Some graduate workeeesessoaess 7 your birth?

Completbed advanced degre€e.... 8§

i1

e an T e A

(Fonthy ~ (féar

13
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Table Li:1 (Continued)

Residence
Where is your home located?

(Gity) T (Stave)

Do you live in- (Circle code)
Acltyieiernoneseocernos ‘1
A suburban area...e.coee. l2'
A rural ArGaciecesvesess 3
Vhen did you meve into your

current home?
(Circle code)

19624 veieannenans cereee 1
1961e00uiennn. ceteessese 2
19600 cieccnannns oo 3
1959 iaereirseneenonanes L
1958 or earlier....eeie. 5
Others
Sex: (Circle code)

I‘/iale'll.l"').lll'll 1
Femaleeeersoooesnone 2

Marital Status: (Circle code)

Married.vecsevececoseees 1
Widowed.sseseovanrananes 2
Divorced..coeeeswesseases 3
Separated...... Ceeeceene L
Never married..ececesess 5

Religion
Vhat is your religious
prefecence? :
: ' (Circle cade)
Protestant..... eeaves 1
Catholic..esuss. ceane 2

JGWishooooo-O...ooo-o 3
Other..... ceceeeene e b
No preference..ceeees 5

About how often do you
attend religious services?

(Circle éodg)

More than once a weekeoiesies 1

Once & WGC'L“'»......--..-.a.-. 2

Two or three times a month.. 3
Once a Monthe.eeeosescersons L
A.few times a year or less.. §
NeVeroosreeecaresnrananaens 6

Class, Status Self-Description
Which of these groups do you
consider yourself a member of?
By and large do you think of
yourself as being in the upper.
class, the uppar-middle, the
middle, the lover-middle, or
the lower ¢lass?

(Cirecle code)

Upper clasS.ieveoesessaarres L

Upper-middle...iveevacenanes 2
Middle...'... ----- e e eeeetee 3
Lower—miﬁdle... .......... oo bt
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As in the other Sectlons of the interview, most of these
questions were pre-coded, to minimize the complexities of later
data processing., But a few itens needed nmore detailed trezbtment.
Thus codes for the 50 states were assignedllater,‘and a special
analysis of Washington State made. The éccupation questions were
also coded after the interview was Tinished, using the major
categories developed ty the U, S: Census. (Vhenever possible, the
Preceded questions were writben so as to be comparable with census
figures also).

Meagures of Science Training and Interest

Among the things whieh influence atiivudes owards scienée; one
would expect to find the respoﬁdent's previous training in science
to be high on the list. Two questioné ﬁeasuring this were asked. A
third question inquired about over-all interest in science. Table h£2
shous the specifiic items. |
As a gross over-all measurc of sclence background, the total
number of science topics taken in high school, and again in college

was compuled.

The Circumstances of the Pavilion Visib

Mnother group of questions were included because we had a hunch
tbat transient social factors influenced responses to thé exhibits.
If one is shepherding a group of children, the fair-going expelr-ience
is different than if one is alone. And if specific things have been
- recommended, the advice is likely to influence what is seen and

remembered. To zssess thesze variables, the guestions shown in

Table i3 were asked. -

ERIC

s e : ,}, : .
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Teble 122

Did you take any of these subjects in high school?

(Circle codes)
Yes, Io.

32 General Science Werees 12
33 . Biolegy L.;o.......... 1 2
3l Chemistry ..ee... P 2
35 PhySicS eeeereesees . ] 2
36 PSYChOLOZY vevevvrenss 1 2
37 So0ciclogy sececeass e 1 2
38 Anthropclogy cerenaens 1 2

Did you take any of these sulijects in college?

{Circle ccdes)

Yes Ne
LO General Science 1 2
L1 Biology .1 2
Li2 Chemistry 1 2
L3 Physics 1 2
Ll Psychology 1 2
L5 Sociology 1 2
46 Anthropology 1 2

53 In general, how interested in science are you?

Not (Circle code) : Very

interssted -~ > interested

1 2 3 L 5 6 7
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Table 4:3

Specific DBackground Quesiions:

{
Circumsvances of the Pavilion Visit
How many people came with you today? ..:....................
How 1many adulisT? severrsetocensenssnenrastasasneesssssnnonss
How many children? ;.......;...:,;..........................
Sometines what people see.at a fair depends on vhat kind of
people they came to the fajr with -~ How did you come today?
(Cipcle code)
o ¢ = T
With a group tour..ciiieees ‘2
With your family EERRTERE 3
With guests_...........;.. h
- ( About how many times ha&e you visited the Science Pavilion?

(Circle code)
This i5 my fitst visit .....1
Only once before -.eveceeese?
Twice before ...............3‘
Three times before ...veeeodlt
Four or more times before ..5

Did you hear anything shout the Scicnce Pavilion before. you came to
see it the first time?

(Circle code)
Yes veeennenes 1
NO vevvennnans 2
What parts of the Pavilion were recomménded to you?

Were there any parts of the Science Pavilion you were told not
to bother to see? .1f ves, what parts?

i le sk nle
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A final question asked the respondent what parts of the Science

Pavilion he would recommend to others. The full questionnaire is given in

Appendix XI.
Intervieving on Background Characteristics

The questions reviewed above were asked of each person centacted,
whether the interview itself concerned attitudss or information reten-
tion. The circumstances of thexasking %aried with the interview. In
some cases, the respondent filled out the form himself, and his
answers vere reviewed with him by the interviewer. When interview=
ing was conducted by the Autotutor, part of the background informa-
tion was gathered in a face-to-face intefview, the rest by fhe machine.
It is likely that thessz different techniqués produccd different biases
in our data§ this possibility has nbt'as yet been analyzed.

in Brief:

1. Background questions were asked to discovef the kinds of
people most attracted to the Science Exhibit, and to see whether
different groups had different reaétions to the displeys.

2.. A number of socio-economic vafiablea ﬁere tapped--occupation,
education, income, class-identification, residence, religion, elc.
When appropriate, answers to these questions were coded so as to allow
comparison with census data.

3. Questions about previous training in science were included.

L. On the assumption that transient social pressures and the
circumstances of the pavilion visit influenced response, questions

probing these areas were also asked.
5. The above background data was collected from all respondents,
both in the attitude and in the information intervieus.

-

O

ERIC
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CHAPIER ¥

INIERVIEWI NG TECHNIQUES, SAMPLING,
AND SAMPLE CHARACTRRISTICS

Interviewing at a fair differs greatly from the more unsual
house~to-house survey, posing unique problems and demanding unique
solutions. In an ordinary pell the interviewer goes from one dwell-
ing to another, each dwelliug previously s-.elected so as Lo provide a
random but representative sample of households. Relatively fow
people refuse to be inberviewed, The situatien at a fair is not so
simple. People stream past an interviewer, intent on making the
most of their limited time. Usually they are accompanied by family,
all eager to be on their way. lefusal rates are high, so ocne can
never be sure of having a representative pop'dlation. Again, a fair
will attract different groups at different times: +the evening crowd
is likely tc differ systematically from a morning crowd, and the
people vho come in the middle of summer will not be like those who
come in late fall. A1l these factors militate agaihst the drawing
of a representative sample. '

Given such problems, there are several things that a survey
researcher can do. He can make the interviews as interesting and
at’t_,ractive as possib;l.e s td cut down refusal rate. He can draw his

sample during differer-zlr.'peri_ods of the day, and at different pefiods
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of the Fair. He can reduce interviewer bias by making su
selection completely mecharical.

This chapter details the In%erviewing technigues adopted for
use at the Falr. Sampling problems are discussed, and the background
characteristics of the sample reported. The implications of sampling
bias are discugsed, along with pheir reievance to the prﬁblems we
set out to study. |

Interviewing Techhiques

In order to make the interviews attractive to respondents, and to
eliminate time lag in handling interview materials, several novel in-
terviewing ltechniques were dev;sed.

Much use was made of a "magnetic,bgard" device, both in collect-
ing attitude and in collecting information data, The device itself
was simple. A mimeographed sheebt with questions was pasted outo
a thin metal board. The respondent answered each guestion by mark-
ing his reply with a small plastic button, in which was imbedded a
magnet. The énswers were fecorded by the intérviewer. The magnetic
markers appéared to exert a kind of fascination; people enjoyed
playing with them and watching them cling to the paper. Figure 5:1
shows the boards and their use in the interview setting.

A more complex technique was a2dopted for some of the information
interviews. We had feared that veople might‘object to taking "tests"
zbout science with -an interviewer watching; it is no fun to expose
ignorance to a stranger. Cooperation might increase,we felt, if the
questions were asked in a purely impérsonal nanner--i.e., by machine.
We énticipated that a ﬁéching~interviewer would have other advantages

as well: -i% should, for instance; cut down interviewing costs by
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allowing several ongoing interviews to be conducted by a single
human being who routed respondents to “he nachine. And the very
novelty of the machine should prove attractive in its own right.
Needed was a device which would present a qﬁestion with several
multiple choice answers, record the answer chosen, and go on to
the next question.
Used was the Mark XI Aﬁto%u%of, a product of U. 5. Industries,

Incorporated, coupled to a Baranoff Printing Recorder.

The aubotutor is designed to select and project

...single 35 ma filmed images prepared for individual studenttraining.

It is basically an automatic, semi-random access film projector
with a rear projection screen. Fech reel of film stores 1,500

to 3,000 frames of instructional material, depending on the type
of film used. Reels can be easily changed.

Response buttons...To the right of the viewing screen is a

row of nine selector buttons and one return button. After

a lesscn or a problem solving situation has been selected by

a supervisor, the student progresses through the material

by selecting a response to the question on each frame and
pressing the button indicated. The Mark II immediately jwresents 3
the student with the image corresponding to the button he pressed.

Figure 5:2 shous ﬁhe Autotutor as set up for operation at the fair.
Within the Autotuter was a 35 mm film, containing two (or some-
times three) information subjects, along with certain background
questions. Machine interviews at the end of Hall IV had, in addition,
questions on exhibit preference. Each film was introduced by a
cartoon figﬁre, "Otto the Autotutor," who explained the machine and

its operation (see Figure 5:3).

1. Quoted from a brochure supplied by U.S. Industries
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Hi!
I'm an Autotutor -
Call me "Otto" - £for short.

Today I am being used as a mechanical interviewer...
But you'll see that I have a personality as well....

I'm going to ask you some questions, and after each question
I want you to push one of my buttons., Every now and then you
will give me so much information that I will have to recoxd
it--sort of "clear my mind." You'll see how this is done
later,

Letfs try a sample question so you can seé¢ how 1 work,
For example, please answer the following:

What is the shape of the earth?

Round Push bﬁtton A
Fiat Push button B
Square Push obutton C

Now go ahead - Push the button you think is correct.

T,

Sample Frame From Teaching Machine Program

Figure 5:3
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There wére £00 many information questions for any one respondent
to answer them all. Instead, each individual ﬁas given two or three
subtests. dertain interviews included only one spbtest, in conjunc-
tion with the Acorn test of General Science information. The parti-
cular subtests were varied among interviews, in order to randomize
whatever interaction effects existed. Thus 1k different types of
information quegtionnaires viere éi;en {1v people about Lo enter

.Hall IV; fourteen others were given to people who were 1eaving.
Hall IV.

Altogether, 1480 interviews were collected using the ﬁeaqhing
machine, and 2602 in facc-to-face interviews. For attitude inter-
vieﬁs, reople were interviewed in each'of the six sampling areas,
giving altogether 5198 completed attitudé questionnaires.

Initially, it was assumed thai all of the information question-‘
naires would be collected with the Aufotutor. The Baranoff record-
ing devices, however, proved less reliable than we had hoped, seldom
operating more than a day without malfunction.. The costs of equipment
mzintenance and repair proved prohibitive; as a result, machine inter-
viewing was discontinued after eightlweeks.

The seiting of {he interviews varied as we became mdre accustomed
to the unique interviewing situation. The following procedure proved
the most workable--

At the beginning of the shifts, the intgrview creus would set
up tables and chairs at the sampling site. A rope partition sur-
rounded the interviewing ares; outside, a sign was placed which read:
"SCIENCE IN ACTION, THIS IS A SCIENCE OPINION POLL STUDYING THE SCIENCE

PAVILION. THE METHOD USED TS RANDOM SAMPLING. SORRY, NG VOLUNTEERS."
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Usually one member cf the crew acted as o "spotter.” Just
before an interview wag finished, the interviewer would signal the
spotter. The spotter then would go to the sampling grid (for a dis-
cussion of sampiing procedures, sce beloﬁ); A ney respondent being
selected, the spotﬁer would approach and_request cooperation "with
a study of the Science Pavilion beiné carried on by the University
of Weshington." The specific wording varied from time to time and
from spotter to spolter; an attempt to standardize it quickly came
to sound rehearsed and routine. Sometimes much persuvasion and
explanation was necessary. It was soon dispovered that some spotters
were more effective than olbhers; the best results seemed to come from
a self-confident person who clearly expscted the respondent to
cooperate.,

Although the shove procedure ‘was the most usual one, there were
occasions when the interviewer would ser;e as his own spotler, espe~
cially vhen only a few people were working at an interview area.

t
Sempling Methods for Attitude Interviews

Some of the problems of sampling fairgeers have been outlined
in the earlier pages of this chapter. It will be recalled that fhe
Science Pavilion population might be expected to differ systematically
by the area.sampled, the time of day, the day of thé week, and the
particular menth. Further, tﬁose who refuséd to be iuterviewed night
differ systematically from their more cooperative fellows.

. What would be neaded in order to get a truly repregentative sarple

of pavilion viewers? (By "representative" we mean that each person

who entered the Pavilion would have arn equal chance of being interviewed.)
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In the first place, it would be necessary to draw interviewé in pro-
fortion to the crowd flow, more interviews being drawn when the crowd
was thick, fewer when it was thin. Secondly, a sa@ple would not be
really representative if many people refused to be interviewed.
Thi¥dly, the interviews should be proportionally spaced throughout
the fair period, proportionally'paken throughout the week and during
each day. And finally, intérviewe; bias should be totally eliminated.

Withvour resources, it waslimpossible to get a representative
sample of people. Interview crews could not he hired to cover the
full day in each sampling area. Nor had we any way of knowing how
many people had entered the pavilion in order to draw a proportional
sample.  Too, our refusal rate was rglatively high: on the average,
29.2% of those contacted either would nét be interviewed or else
terminated before ccmpletion. In?erviewer bias could be largely ‘
eliminated by making participanp selecﬁion into a routine, mechanical
task, but even so there’was sbmetimes room for choice.

We could, however, draw a gomparable sample.

Most of the gquestions that we asked did not require that each
person who came to the Pavilion have an equal chance of being inter-
vieved. We were mainly interested in before-and-after comparisons
of viewzrs. For this, we needed only to be sure that each before-
and-after sample was drawn in é comparable way. Such biases as
existed in the sample had to be gaually biasing in each interview
area. We had to make sure, for instance, fhat each hefore-and-after
sample contained people with roughly the same educational background;
that more women were ﬁot prssent in some samples than in others, énd

S0 on.
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The interview teams were assigned so that approximately the saue
number of people were interviewed during the moruing in one area as
in another. We tried tc balance .the interviéws s; that each day of
the week was equally represented in each sample, and that each.month
gave a comparable group of interviews.

S5till another source of'err;r.was-minimized by méking the
selection of respondents into an automatic and mechanical_procéss.
People to be interviewed were drawn from a clearly demarcated ares
of the floor--one of several sampling areas se% vp in a grid near
the interviewing station. When the interview team needed a sﬁbject,
the "spotter" would stand besidé the grid. The first person to enter
the sampling area would be approached: 'Ie early discovered that some
overly-cooperative people--anxious to be interviewed--would watch thg
interview team, discover that reséondents were being picked from a
single spot, and then wander past at the appropriate time. Such
sub rosa volunteers would have badly biased the sample, so several
grid areas were set up near each interviewing station. Respondents
were picked from the sampling areas in rotation.

Table 5:1 presents the daté on attitude interviews collected at
various spots in the Pavilion. The figures for time of day, day'of
week, and month, are roughly similar, especially when it is réalized
that people were apt ﬁo enter the first part of the Pavilion earlier
‘and leave the last part later. Still, our interviews are not as
comparable as.we might wish, and this lack of comparability shows up
in the type.of respondents drawm in each area. As Table 5:2 makes

T

c¢lear, there were sometimes large differences in the backgrounds of

people sampled at different interviewing sites. fThe éomplete tabula~

tions are shown in Appendix XII,



-6l 18K:63-5

Table 5:l
Attitude Interview Characteristics:

Original Sample

Time of Day ‘ Per Cent of Interviews, by Sampling Arca
I I m mw Y
9:30-11:29 8.5 2.6 8.5 8.9 6.0 5.7
11:30~ 1:29 2.1 17.7 18.0 18.9 13.7 1L.9
1230~ 2:29 26.2 19.5  22.6 2.0 20.h 22.5
3230~ 5:29 33.1 16.3 22.7 26.L,  271.5 25.6
5:30~ T7:29 k.3 22.h 19.2 16.5 21.5 19.5
7:30- 9:30 5.5 .5 8.9 8.2 10.8 11.8
N 866 666 866 866 868 866
Dav of Veek L il ILL IV v Vi
Monday 17.3 8.8 4.0 - 8.5 10.3 9.2
Tuesday 22.3 10.5 9.1 .2 13 6.5
Wednesday 10.7 7.6 16.1 12.7  16.2  17.7
Thursday 7.3 1.0 1.5 27.6 16.  19.L
Friday 8.8 30.8 1.0 10.9 18.2 18.1
Saturday 17.8 17.1 16.5 18.1 9.9 15.7
Sunday 5.6  11.2  15.8 8.0 15.7 13.h
Month L I1 1L 1y v v

1
June 2.1 0.7 2.2
July 1.9 27.7 27.1 5.8 8.9 7.2
August 38.7 22.5 26.8 46.0 30.5 4l1.5
Septembher 28.hL 3%.9 32, 31,1  26.7 23,2
Cctober 18.9 .9 13.6 16.5 33.9 26.0
Hon

Bespondeats I 1T I Wy

(Per cent of oL.6 26  27.6 2.9 35.3 33.1
total contacis) .
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Table 5:2
Background Characteristice of
Attitude Respondents: Original Sample

' 1960 Census
Per Cent of Respondents, by Interview Area 'Weuhlvglon Stq,r

Ag Per Lent of i
T II IiI iv v VI

=19 1kh.2 3.8 16.6 9.4, 11.2 15.0 10.7
20~2; 11.1 1.6 16.9 8.7 .0 - 17.9 8.9
25~29 1C.7 12.8 10.8 7.0 11.2  11.5 8.6
30»3L< 8.0 7.3 8.2 9.5 8.3 9.7 9.4
35-39 11.1 1.3 11.0 16.8 11.9 1.9 16.3
Lho-LL  11.3  12.3 10.2 17.2 9.8 11.8 9.7
h5-49 9.2 9.7 7.8 13.L 8.8 7.6 8.9
50-5) 8.0 8.8 6.1 8.1 3.0 s.h 7.8

55 or 16.1 9.6 12.3 9.5 10.9 10.C 25.7

over

Median

Age Group 35-39 35-39 - 30-34 35~-39 ' 30-3L 30-3L Lo-L)
Bducaticn I II IIT IV v VI
Some grade school .2 .1 .2 .6 .5 .2
Completed grade school L.h 3.0 1.7 2.3 3.5 2.8
Some high schocol 15.0 1.1 1.0 10.1  1h.1 12.5
Completed high school 23.7 20.2 20.1+ 23.9 20.7 20.h
Some college 26.8 29.2 - 30.2 29.7 28.7 30.5
Completed college 12.4 13.5 12.8 1.1 12.7 1.5
Some graduate school 10.2 12.1 11,0 9.6 8.8 10.2
Holds advanced degree 7.1 10.7 9.9 9.7 1l.2 9.0

a——

1. Census figures for sge, occupabion, and income are taken from
Final Report FC(1)-L9C, U.S. Census of Population: 1960. The
census percentages are weighted to conform to the diif'ferent
population basc used in the present study. Census figures
for education are not given, since proportional welghtlng
was not possible. :
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Teble 5:2 (conbinued)
Occupation L I II1 Iv . X VI lHean- Censuz
Professional and 22.1 29.4 27.9 28.9 27.3 2B8.1 27.3 6.9
technical o
Farmers and farm 2.0 .9 1.5 1.6 1.3 2.0 1.6 2.2
managers o
Managers, officials, 12,0 10.4 10.9 11.8 9.6 8.1 10.5 6.8
proprietors co
Clerical 8.9 8.1 8.2 7.8 7.7 8.1 8.1 3.
Sales 3.3 3.0 3.1 2. 3.6 3.3 5.1 h.q
Craftsmen and 6.1 5.7 6.7 6.6 5.5 5.9 6.1 11.9
foremen :
Operatives .3 2.5 2.9 2.3 2.1 2.1 2. 9.5
Service oceu- 2.3 1.3 1.2 2.3 3.0 2.0 2.0 3.1
pabions
Farnm laborers and 0.2 .5 .1 .2 .3 .5 .3 1.8
foremen
Laborers (except 1.0 3 .5 6 .3 1.0 6 bt
farm) -
Housewives 18.2 13.5 10.3 20.6 17.0 15.2 15.8 ,[
Students 8. ?21.6 2.8 12.8 20.2 21.6 19.9 4Uk3.9
Retired or 3.1 2.8 2.0 2.1 2.1 1.8 2.3 L,
other ' . N
Ko report 1.7
Family Income L LL L ) W' VI Mean (Census
less than $1000 ) .8 1.1 .1.3 .G 1.2 .2 .9 9.5
$1,000 - 1,999 2.0 .6 1.6 1.0 1.k 1.9 1. 11.7
$2,000 - 2,999 2.4 1.6 1.9 1.5 1.h 2.8 1.9 7.9
$3,000 - 3,999 3.9 2.7 2.6 3.5 2.7 L.1 3.2 - 8.2
$L,000 - 1,999 5.9 5.4 6.9 kL.t L9 5.5 5.6 9.8
$5,000 - 5,999 12.0 8.8  10.3 9.0 9.8 9.7 8.1  11.7
$6,000 - 6,999 12.5  10.1 9.6 10.7 1l.2 9.9 10.6 10.1
$7,000 - 7,999 9.8 2.3 B.3 11.1 10.5 9.0 9.7 7.9
$8,000 - 8,999 8.7 8.6 9.3 9.6 9.3 7.8 8.9 6.1
$9,000 - 9,999 7.8 10.5 8.1 7.8 9.8 8.1 8.7 L.
10,000 -1),599 23.6 2L.3 24,3 24.0 22.8 2h.7 23.9 9.3
15,000 -21;,99% 7.6 1l.L 10.7  11.7 8.9 1.8 11w0.}4 2.5
25,000 or over 2.9 5.6 = 5.0 L.y 6.2 h.3 L.7 0.9
L il - Ioxr Iv N 2N Census
Median Income $B000- $9000- $8000- = $8000- $8000- $8000-  $5000-
60C0

Category 9000 10000 9000 9000 9000 9000
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Table 5:2 (continued)

hesidence I II imr v Y VI

Seattle S 15 1.8 10,00 15.9 21,3 15.6
Spokane .. 1.8 1.6 2.0 1.7 1.6 2.0
Tacoma 2.7 1.7 2.7 2.3 3.3 3.2
Olher Washington 21.6 12.2 3.1 18.5 17.6  18.7
California 15.6 21.5° - 22.6 20.8 18.3 1.5
Oregon 9.1 8.8 8.7 8.3° 7.1 8.h
Sex I 1T IIT IV ¥ ¥I

Male 56.9 63.L 66.3 58.5  60.1 62.5
Female 3.1 36.6 33.7  Ll.5 39.9  37.h
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In order to make the samples more comparable, a subsample vas
drawn for each attitude interviewing areé. The subsamples were
eduated for educational level (equal proportions. having "some college"
and "no college"), and for se:x. Within each subsample were 766 cases.
Table 5:3 shous the background characteristics of the subsamples. The
general effect of subsamplipg was'tb reéuee overall differences.

These subsamples provided the data for before-and-after comparisons
of attitude scale items.

Sampling Methods_for Information Interviews: .

The information questions were asked at the beginning and end of
Hall IV, using the same sampling method~—£éndom selection from d}fferu
ent grid areas--that has been outlined sbove. The problem of sample
bias was not, however, handled in the same way. Rather than comparing
the tuo samples on background characteristics, they were compared on
a series of control questions.

It will be recalled that ‘he Acorn Test of General Science Infor-
mation was included in a subsample of interviews. With a few excep-
tions, the items therein were not likely to be influenced by the
exhibits in Hall IV, since the required information was not on dieplay.
We reasoned that before-and-after answers to the Acorn items could
differ significantly only if the original knowledge.of our two samples
differed significantly. But if responses fo the items did not differ,
then the knowledge level of the two samples would be essentially
equivalent, and no subsampling wouid be necessary.

An evaluation of these conitrol questions gave us no reason to
feél that the samplesnaiffqged on initial knowledge, so no subsampling

was done.
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Table 5:3

{

Background Characteristics of

-Attitude Respondents: IEquated Subsamples

Per Cenl of Respondents, by Interview Area

Ace L T IrL. I )i i
14-19 12.6 1.1 17.0 10.0 16.3 1.9
" 20-2) 1.3 1.8 8.9 .y 18.5
5629 1.8 12.8 6.6 6 116
30-34 8.8 6.9 9.5 9.1
35-39 11.3  10.7 17.0 10.7
Lo-LL 11.2 12.3 17.6 12.0
L5449 €.2 9.8 13.6 7.5
50-5} 8.1 9.2 7.8 5.2
55 and over 15.6 9.3 9.1 10.1
Education, I I v ¥ YL
Some grade school .3 .1 .3 .6 .5 L
Completed grade school 3.9 3.3 1.6 2.3 3.3 2.7 1
Some high school. 13.0 11:9 1.4 10.2 13.7  12.9 © 36.8:
Completed high school 19.6 21.5  20.6 23.6 19.3 =21.0)
Some college 29.6 28,6 29,9 28.6 29.6  30.0%
Completed college 13.7 13.L  12.3 1.5 12.8 149 % 63.2
Some graduate school 11.5 11.2 10.8 9.5 8.7 10.3 { e
Holds advanced degree 8.L 9.9 10.2 10.3 12.0 8.0
Sex, L Iz IIx Iy VI
Male 61.9 61.9 61.9 61.9 61.9 3
Female 38.1 38.1  38.1 38.1 38.1

#* Samples equabed on this variable.



Occupation L iz v
Professional and technical 24.7 27.5 2.0 29.0 27.9 27.8
Farmers and farm managers 2.0 1.0 i.L 1.8 1.2 2.1
Managers, officials, . '
proprieters 12.8 . 10.8 10.0 11.9 9.0 8.1
Clerical 7.7 8.5 8.9 7.0 7.3 8.0
Sales 3.1 2.7 3.3 2.2 L.o 3.4
Craftsmen and foremen 6.7 5.6 7.0 7.2 5.7 6.3 .,
Operatives 2.2 2.7 2.5 2.6 1.8 2.2
Service Occupations 2.3 1.4 1.2 2.3 3.1 2.0
Farm laborers and foremen .3 A ol .1 A Q0
Iaborers (except farm) .8 Q i .5 A B
Housewives 6.,  14.0 11.6 19.6 16.2 15,7
Students 17.7 27.2 © 25.5 13.7  20.5 21.5
Retired or obher 3.3 2.6 2.2 2.0 2.3 1.8
Family Income I IT 11T Iv ¥ JL
Less than $1,000 8 1.1 1.2 .9 1.3 .3
$1,000 ~ 1,999 2.0. .7 1.5 1.2 1.6 2.0
$2,000 - 2,999 1.8 1.6 1.9 1.} 1.3 2.8
$3,000 ~ 3,999 3., 2.8 2.7 3.4 2.6 L.6
3,000 = L,999 6.1 8.l 7.0 .0 h.7 5.9
$5,000 - 5,999 1., 8.5 . .10.5 9.0 10.0 9.2
$6,000 ~ 6,999 12,2 10.h g.é 11.1  10.8 9.8
$7,000 ~ 7,999 9.9 9.0 Q1 111 10.3 9.5
$8,000 - 8,999 8.7 8.1 9.L 9.l 9.7 7.4
$9,000 - 9,999 8.2 10.0 8.1 7.h  10.0 8.6
10,000 ~ 14,999 2h.2 24.8 2.3 2.8 22.8 25.6
15,000 - 2k,999 8.3 11.7 10.5  12.1 8.8 10.7
25,000 - or over 2.9 5.7 5.3 L.1 6.2 3.8

Median Income

70~ ISR:63~5
Table 5:3 (conbinued)

LD v v VL

L i1 L1L ) v Vi
$800C~ $8000- $8000-  $800O~ $8000- $BOOO~
9000 9000 9000 9000 9000 9000
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Table 5:l shows how meny information subtests were colleched
both before and after Hall IV, by particﬁlar subltest and by inter-
view method, |

Table 5:

Number of Information Interviews Collected:
By Subtest, Area, and Interview Method

Area Method

Before  After By By
Subtest Hall IV Hall IV Machine Magnetic Board
Applied Physics 585 59%. - bsh 725
Macrophysics Lk2 438 333 sh7
Botany Lo _Lho | 316 564
Geology L0 Lo 316 . 564
Human Physiology 296 296 190 Lo2
Biology 437 1,38 32 551
Behavior 585 562 bl 723
Nuclear Physics 293 291 176 Lo8
Acorn General Science Test 1040 1035 792 1283

The Samules That Vieren't:

Initially, we had planned to collect interviews at two other sites
as well: on thevfai.rgrounds outside the pavilion, and =t the exit of
Hall V. 1In both cases an initial attenpt was made; in both cases
interviewing was discontinued.

Interviews on the fairgroundrs would have shown whether the
Science Exhibit attracted the usual run of fairgoers, or whether it

- had a differential appeal. In order to get a random sample of fair-
goers, interviewers at first contacted people immediately as they
entered the Fair. Not su:_c-prisingly, at least seven out of ten refused
to stop: they had just paid their admission fee, they wanted to seel

the Fair, and they were in no mood to chat. Nor were interviews

-
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elsewhere more successful.. At the Science Pavilion, people did not
mind being interviewed, especially since they could sit down whilc
talking, and often would have been waiting in line anyhow for some-
thing to start. These conditions did not brevaii on the fairgrounds.
The sampling bias from a 75% refusal rate being exorbitant, inter-
views on the fairgrourd were reluctantly discontinued.

Hall V, on "the public i,mpiic;ations of science," presented other
problems. At various times thi-oughout the fair it was closed for
repairs or re-evaluation. It attracted relatively few people and
those only for a three-minute period. The on‘e possible interviewing
area was exposed to wind and weather, and Seattle's climate is
somebimes less than balmy. All of these factors militated aga:inst
before-and-after interviews at this }fail; therefore, interviewing
was discontinued.

Background Characteristics of the Samples: Some GeneralProvositions

The samples collected at each interviewing area were not entirely
representative of Pavilion attendance as a wt}ole; the preceding pages
have detailed their limitations. This being so, any general statements
about the people who came t0 the Science Exhibit - must be made with
caution. On the other hand, the samples in each interviewing area
were strikingly similar and at the same time different from the |
general populace; in this section are detailed some.oi_' the differences.
For maximum clarity, the findings are pre_sented as a series of proposi-
tions. It should be recognized that the précise-sounding figures
gi%ren. below are more. tentative than one might wish, since we do not

know the characteristics of the pesople who refused to be interviewed.

P
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Proposition 5:1 The maiority of people at the Pavilion came from

three Western states: Washington, California, and Oregon. As

table 5:2 shows, Veshington residents made up 36.89 per cent of the
total sample. Washingtonians canic al_méé"c equally from Seattle, and
from the rest of the state. California contributed 18.89 pér cent,
and Oregon 8.L1 per cent. |

Provosition 5:2. In general, peonle atiending the Pavilion were

more highly educated ihan average. Approximately 6L per cent of those

A

interviewed had some college training, and about 10 per cent held
é.dvanced degrees. For comparisons sake, only 21 per cent of Washington
residents have college training, accdrding to the 1960 census.

Propositicn 5:3. In general, people attending the Pavilion were

middle class, with a higher income and a_ higher status than averaze.

The median income for our. szmple "is between eight and nine thousand
dollars, approximately three thousand more than the average Tamily
income in Weshington state. In our interviews, the professional

pecnle far exceeded national norms, as did ma;nagers, officials and
proprieters. There were relatively few blue-collar workers. (See

Table 5:2).

Proposition 5:L. The Pavilion drew more men than women, and drew

relativelv. few housewives. Only 37.2 per cent of our sample were women,
and only 15.8 per cent housewives. ‘ ‘
In Rrief:

' 1., Sampling at a fair presents a number of unique techniczl
problems: refusal z;a;c,e is high, the population varies by hour, day,
ané month, and the sérr;ialing.. base changes propértionally to the crowd

count,
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2. To lessen refusal ratio, two innovations in interview tech-
nigues were adopted: magnetic rating boards, and a branching-programn
teaching machine.

3. Since a truly representative ééﬁple could not be obtained,
given the complexity of the population universe, much attention was
. paid to getting comparative séﬁbles from each interviewing area. By
comparative sample is meant one in which the sampling biases were
coustant for each interviewing area. For attitude interviews it
was necessary to draw samples from each .area at comparable hours,

- days, and monihs. Attitude samples were further subsampled so as
to give groups eguivalent on educatién and sex.

k. A check on comparability was provided in the information
intervieus by the use of control items: questions on which no infor-
mation increase would be expected. Since the percentage of right
fesponses»to these questions did not change by sampling area, the
samples were assumed to be comparable.

5. Although the interviews are not coméletely representative,
they suggest that the average Pavilion visitor differed significantly
from the normal population. In general, education was greater, house-
wives wefe under-represented, the proportion of professional people

was higher, and there were relatively few blue-collar workers.
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CHAPTER VI

ATTITUDES AND THELR CHANGE

The reader will recall that attitudé questions were asked of
fairgoers at six different spots in the Science Pavilion. The
different samples gave a before-—and-after picture of attitudes for
each of the major exhibit halls. In this chapter, results from
these interviews will be reported.

But before plunging into the statistical results, it might prove
helpful to pause a moment and ask, "What can we ekpect to find?" To
this question there are two sorts of answer, one based on the types
of attitude change which can occur, the other based on the content

of attitude change.

On_the Tvpes of Aijitude Chanee

Consider Briefly two types of possible attitude change. The
first might be labelled a shift in average attitude. Thus fairgoers
as a whole could come to regard scientists ss more or less intelli-
gent, more or less conéervative, ete. This is usually what is meant
vhen one speaks of attitude change; it is ﬁhat the ﬁublic opinion
polls usuvally report.

. The second kind of éﬁange we may label as a change in the gpread
of attitude. Two different groups of people can have the same average

attitudes about scientists, yet differ greatly in their attitude range.
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People in one group could disagree strongly among themselves, while
those in a second group could be in_ essential agreement. Figure 6:1

illustrates this kind of situation:
Pigure 6:1

An Example of Attitude Spread

Questiont Describe Scientists on the following rating scale.

Adventurous Timid

1 2 3 4L 5 6 71

Group 1 '
- L] ]

107 203 10%

——

% i6% 207 10%

o0

S (]
i)

Group 2 i i
' | ]

20 60% 20%

o0

Group 1 and group 2 have the same awferasze attitude, but group 1 is
- marked by considerable disagreement » while group 2 shows general
agreenient. . .
In the findings re'por_ted below, both types of attitude change
are examined., Average (mean) attitudes are cited for cach of the

six sampling areas, and differences between them evaluated statistically.

-
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The spread of attitude is also reported; using a measure of dispersiuii,
the standard deviation. Differences in dispersion are evaluated sta-

. . 1
tiscally between each adjacent subsample.

On the Content of Atbitude Chanse

Can changes in attitude really be expect’éd in the Science Pavilion?
And if so, where, and in response +6 what? Although we avoidéd setbing
up specific hypotheses, we did have a few hunches, based in large part
on th_e announced intent of the various exhibit halls., Table 6:1 lists
certain attitude changes which.we felt could be reasonably expected

in each Pavilion Hall., -

1. The non-technical reader may find an explanatory note helyful

at this point, since some understanding of stat:.st:.cal logic is required
for the follotnng pages.

Suppose we find (as we did) that after seeing the "House of
Science" movie, people rated "Scientists" as being more "eccenbriclt
Can we conclude that this is a real and solid shift in attitude? Or
could it just be one of those fluctuations that occur by chance? To
" this question, certain statistical. procedures provide a qualified answer.
L

We can never entirely rule out the possibility that a change occurs
by chance; the best we can do is to figure the odds, and discover how
often such a change might be expected by chance alone. In social and-
psychological research, there is a convention that we disregard findings
which could occur more often than one time in twenty by chance--or at
least be extra cautious in evaluating them. Of course if a finding could
herdly ever occur by accident--say one time in a thousand~~then we would
be even surer of our ground. A variety of statistical techniques are
uvsed to figure the odds; in this paper the three most commonly employed
are the t test, the F test, and the chi-square test. For conveniences
sake s the odds are usually reported in a kind of shorthand: p< .05 means,
for instance, that the difference between our two samples could "occur
only five per cent of the time by chance. This is also sometimes spoken

of as a confidence level; in this example, p<.05 refers to the five
per cent confidence level.
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HypoLhCSLZed Att:tuds Changes by Pavilion Hall

Hall Announced intent

The House of Science—-a film
Antroducing and explaining

the general philosophical
framework in which all scientists
must work...The growth of sclence
is reviewed...Scientists are
shown at work in a range of
settings...Science is an artistic

or philosophical enterprise, carried

on for its own sake; scientist
views nature as & series of inter-
locking puzzles which he can solve.

Development of Science--exhibits
which show the evolution of science
from man's earliest curiosity about
the phenomona of nature through the
development of tools to aid him in
his quest for kunowledge. Modern
work in geneltics, theoretical .
physics, efc. is placed in its
historical context. The viewers
also are exposed to a group of
visual illusions, emphasizing the
limitations of the unaided senses.

perfect.,

‘fore.

Possrt. le 2ititude changes
Here, more than anyvhere

else in the pavilion, the
public is exposed to gen-
eral stetemenls about science
and scientists, If effect~
ive, we would expect here

“to find the most atltitude

change. The emphasis on
science as a human. enter-
prise might be expected to
make the scientist seen

less unusuwal, less eccentric,
and science seem warmer, less
forbiddingly impersonal and
The emphasis on
science as an intellectual
persuilt might well cause a
shift away from the view of
science as "fact finding"

or ?utilitarian".

The exhibits hsre are much
less general in their statsd
message than was the film:
they deal with complex sub~
jects in a relatively thorough
way. If abtitude changes
occur, it will be because a
more general message was
inferred--that science resulis
from curiosity, that scient~
ists are more concerned

with understanding than with
technological applications,
that scientific theory is

more than ideas, but involves
experimentation to see if

the ideas are correct.
Scientific ideas might be
seen as moere changeable there-
Perhaps too the poten-
tials ‘of science might be
seen as greater, since much
modern scientific work is
explained.



O

ERIC -

Aruitoxt provided by Eic:

Hall

ITX

(A

..79..

ISR:63-5

meble 611 (Continued)
Hypothesized Attitude Chonges By Pavilion Hall

Announced intent

The Spacearium--A simulated
journey through the universe.
Past the moon, past the sun
and .planets, the filmed trip
procedes into the nilky way,
and thence into intergalactic
space. Intended to give'a -
feeling of the immensity of
the mmiverse, and the relative
smallness of ourselves and
our earth.

Hethods of Science~~Demongtre-
tions of how answers aive being
sought in several significant
areas of scientific research.
Each display sequence begins with
a general questien; the rest of
the display deals with current’
work designed to answer the
inquiry. A variety of disploy
techniques are used, including
several sections with "live"
demonstrations, the demonsira~
tors being usually coliege
girls,

Horizons of Science--iA
climax and conclusion which
portrays and projects how
the outcces of science
influence the life of man,
now and in the fubture.

Possible AbLitude Chances

ot
prE o o iyt URe A U ahen 0

Apart from a generalized feel-

- ing of awe, perhaps reflected

in the evaluative rating scales,
little attitude change could be
expected on our measures~-the
éxnibit not dealing specificelly
with the attitudes we probe.

It may be, however, thubt science
will be seen as having greaver
potenbialities,

.Here too the exhibits deal with

specific work on specific pro-
biems; if & generalized change
in atbitude occurs, it will be
because the public has abstrached
a more generalized message from
the concrete particuvlars of the
displays. IT so, we would expent
changes to occur on Quesbions
dealing with the scope and mean-
ing of science, There might

be more people describing science
as a method for finding oub
answers to questions, Perhaps
the presence of female demonshis-
tors 'would make the image of
science less masculine.

Sampling and technical problems
rrecluded an examination of
attitude change in this area.

As the table makes clear , the halls differed considerably in the com~

plexity and the specificity of their message..

In a sense, the displays

called for more work from the audience than did the movies--the displays

talked about specifics, without often stating the underlying message.

What actually happensd to attitudes as the people went through the

halls? TIn the pages which follow, we shall first deszribe the attibudes
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that people brought with them to the Pavilion, and then discuss the
attitude changes which tock place. Our findings are again presented
as a series of propositions, with the evidence for each reviewed.

The Initial Atbitudes

Proposition 8:1 For our sample, scientists enjoy extremelv high

prestige, bubt with some reservabions exvressed. On the adjective ratiogs,

"scientists in general" were described as extremely intelligent, original, -
interesting, adventurous, and active. Forty-seven ver cent of the sample "-_
drawn from Hall I (before entering the Science Favilion) felt that
“éci.entists should have a strong voice in '_ll;he government ," 273 were
neutral, and 267 disagreed. On the other hand s a majority (615) felt
that "individual scientists should take. more responsibilvity' for the
way scientific discoveries are used, 17% were neutral, and only 22%
disagreed., In a‘ way, these last two findings reinforce the picture" _
of high prestige given by the adjective ratings: if scientists are
indeed such fine people, it is natural that they should be asked to
take more responsibility in government and ou't.

Slight reservations in this generally_ favorable picture are also
apparent from two of the adjective ratings. Scientists are described
az eccentric péople, uvnusual people. Thus L6% of the initial sample
ratéd scientists as being at least somewhatl eccentric, 28% gave a
neutral rating, and only 26% saw them as conventional people.

Complete tabulations of semantic differential ratings for the

concept, "Scientist," are to be found in Appendix XIII; the mean

“rabings and standard.deviations are given in Table 6:2.
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Table 6:2

Semantic Differential Ratings for the Conceplt, "Scientist®

Ilnterviewi.ng Area I, Corrected Samplel
Ttem c Mean Standard Devizbion
Relaxed L23 ;567 Tense L.L6 1.65
Polished 123 fﬁ/ 567 Socially Clvmsy 3.90 1.L8
Ieisurely 12 3 ’h S 67 Hasty 3,85 1.69
Proud 12 3&5 6 7 Humble . ha2a 1.92
Stupid 123 l;?. 7 Intelliéent 6.58 .80
Well Paid 12 3 4/5 67  Poorly Paid - h,oé. 1.75
Adventurous 1 2-4’{).; €67 Timid 2.1,2 1.57
Boring 123 h\;>6 7 TInteresting - 5.92 1.ko
Active 1 2,345 67 Passive 2,68 1.68
Calm 123567 Agitated 3.59 1.70
Unoriginal 12 3 L 567 Original ' ‘5_95 1.29
Eccentric 1234567 Conventional . 3,73 1.63
Unusual 12 33[1; 567 Usual 3,51 1.72

1. These figures are corrected for sampling bias, as discussed in
Chapter V. :
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Proposition 6:2 For our sample, science is hichly regarded, bui

is seen as having definite iimitations. In the adjective ratings,
"Seience as a whole" was described as exbremely .\(aluable s good, rioti~
vated, constructive, and leading. On the "good-bad" dichotomy, for
instance, 80% of the sample from Hall I rated' science as "1 or "2"
on the 7-point scale. . ‘
On the other hand, somé th_ings are more important than science.
Science is described as "incompiete" by 5L% of the initial sample,
and 52;',' feel that "God's word is more important than anything the
scientists turn up in their studies,” Scien_qe is seen as having real
I_Limitations: our samnple tends"to' feel, fo; instance, that science
cannot ever understand enough about human beings to elimi_néte poverty
and crime, that science will never be able to create life, and that
scientists will never be able to predict and control the behavior of
individual people. It should be -noted s however, that talking about
average public attitudes is in some cases rather misleading. For
instance, there is marked disagreement szbout thether science will ever
be able to create life s oz; whether God's word is more important than
anything the scientists might discover: on these issues opinions seem
to be strongly held and quite divergent.
Complete tabulations of adjective ratings for the concept, "Science,"
are given in Appendix YIV; the mean ratings ‘and standard deviations

are shown in Table -6:3,

e
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Table 6:3

Semantic Differential Ratings for the Concepl,

Interviewing Area I, Correchted Samp'.l.e1

Liem
Perfect 123 ll/«5 67
Certain 12 3A1 567
Followir;g 1231 .\6‘ 7
Aimless 1234506y7
Complete . / 67
1234567

Valuable

Unintelligible 123 L 7

Construchive 1<:L 5617
Youthful 123 15. 67
Feminine 12345567

Cold | '123/1.{567

Good 1.2
Caln I

D

w/ W

L567
h,5 67

Imperfect
If;lcér't,a:ill
Leading
Mobivabed
Incomplete
Worthless
Tntelligible
Dest’ruc‘ti.ve
Matore
Mas.culine
Warm

Bad

Excitable .

ISR:63-5

"Science”

Mean Standard Deviation
L.05 1.51
3.9 1.75
5.83 1.29
6.25 1,07
FRY 1.91
1.30 69
6.23 1,07
1.87 1.19
L.Lg 190
- L.86 1.20
.33 1.52
, 1.81 1.17
)4.6d 1.90

1. These figures are corrected for sampling blas, as discussed

in Chaptzer V.
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Proposition 6:3 In our sample, science is seen mainly as a
e W gt el NGy Ses L] — P .

method of finding 9_1_11'..'.' about, things by forming hypotheses and_check-

ing the hypotheses by exveriments, or else as an attemot to analvse

Problems by brezkine them down into parts. Bub undersbanding is vague.
Table 6:l; shous tﬁe percentage 5:[" endbrsemem; for each definition of
| science. It will be noted tha'b‘,ce.rhain‘ definitions, which on an

a priori basis would seem ﬁidegpread, are not often endorsed.‘ Thus

the technological asﬁect of science~-"an altempt to make the world

a better place by discovering new inventions and facts"--is seldom
taken as a major definition. A certain vagueness of understanding is
implicit however in the frequent endorsemc;ﬁ'b of one item, "Any search
for truth should be called a science, ;vhich was ranked first by 20%

of the initial sample. Some vagueness may be. inferred also from the
resulis when people were asked which of four occupations were scientific.
The majority felt that all--inclﬁding eiectronics engineérs, physicians,
psychologists, and physicists~--were scientists.

Patterns of Altitude Change '

Proposivion 0:h Portions of ithe Pavilion produced significant

changes in attitude, bubt the changes were of slight magnitude. The

preceding discussion reports fiudirgs only for those people who had
not yei gone througﬁ'the Science Exhibit. Bub thé general conclusions
would have been +the same if we had réporte}i data for reople who had
gone through all of the buildings. Abtitude change was slight; in no
| éase did the mean adjective ratings vary more than haif a point on
the Seven-point scales. But although changes were slight, many were

siénificant in a _staﬁi"stica_.} sense. An example--in the before-and-after
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Table 6:h

Percentage Endorsement of Sclence Definitlons

o~

First, Second, and Third Cholce Reported

Interviewing Area I, Correcled Sample

lst

Ttem _ . Choice

Science is simply a matter of logical 6.L%
thinking., Ths scientist tries to figuve
out provlems in a logical way.

Sclence is simply a method of finding 27.6%
out about things. The scientist tries
to figure oul how something harpens; then

.he tests his ddeas with further olserva-

tions to see if they are right.

Science is an organized collection of 6.3%
facts. The scilentisi's job is to collect
facts on various problens.

Scientists are people who break things 29.1%
down into parts and elements, in order
to see how they fit together. Science is

a keen analysis, sn abtempt to figure out
1mporbant things by‘bre&klng problens down
into parts. :

Science is simply an attemnt 4o make the 10.4%
world a hetter place by discovaring new !
inventions and facts. The scientist is a

person who abttempts Lo produce betier

things for better living

The scientist is anyone who is search- 20
ing for truth. Any search for truth should
be called a science.

£R:63-5

2nd

Choice

11.63

28.5¢

10.6%

27.6%

11.1%

10,84

1. These figures are correcb°6 for sanbllng b;as, as discussed
in

n Chapter V.

=
L]
%
R

16.3%

15.8%
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compariscns of the "House of Science" Zilm, 1.9 attitude measures out

of LS showed changes‘significant at the .05 level or below,

Provosition 6:5 The majority of significant attitude chianges

occurred in response to the first hall, the "House of Science" film.

The film's general effect was to make scientists seem more academic,
.and more eccentric, Science céﬁé to be seen as warmer and more
feminiﬁe, but the public's concept of science became more vague.

As noted above, 19 out of 45 attitude measures showed & significant
change for the sample exposed to the 'House of Science" f£ilm. This
may be compared with the effécts of 3all II (Development of Science),
where seven attituvdes showed a significant changej with the éffects of
the Spacearium, where seven attitude‘méasures chanzed significantly;
or with the effects of Hall IV (The Methods of 3cience), where twq :
significant attitude changes were found. The"House of Science" fiim
was thus more effective in changing attitudes--at least for those
attitudes we measured. ‘

Table 635 lists the particular attitudes whicﬁ showed a significant
shift after the Eames! f£ilm,

Aﬁparently the effascts of the film were varied. The change in
the‘attitudé stamements suggests that science came to be viewed as
having greater potential in areas whick were previously coﬂsidered
beyond its ﬁrovince. The adjective rating of scisﬁtists showed shifis
mainly in two dimensions: the Quiet-Scholér stereotyne (poorly paid,
hurble) , and Eccentricity (eccentric, unusual). Changes in attitude
toward science were particular to specific adjectives; entire factors

did not change. Science came to he seen as more feminine, excitable,
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Table 6:5

Atbitude Measures Showing Significant Changes Belween Interviewing

Aveas 1 and 2, Corrected Semple.l
Heasure: Artitude Statements, Mean rabinz  Meap rabing, Effect
Area 1 Area 1T
Likelihood of science eliminating =
¢rime and poverty : 2.89 3,10 #  Eikelihood
inereased
Likelihood of science being able
to change heredity and create new
species. .23 173 s Likelihood
increased
Likelihood of scierce creabing 1ife ~ - 3,47 3.76 Likelihood
. increased
Godls word more important than
science h.53 1,08 Disagrecnent
increased
Seientist ratings
' 3ut
Proud-Humble 4.21 Li.50 more humble
Socially Polished - Clumsy 3,90 ¥ 1.09 more clumsy
. 3%
Well-paid ~- Poorly paid },.06 b3l more poorly
s paid
Eccentric - Conventional 3.73 3.9 more eccen-
3% tric
Unusual - Usual : "3 Bl 3.32 more uNUSGE!
Science Ratineg ‘
et ‘
Feminine - Masculine 4.86 L.67 less mas-
. . " culine
Cold ~ Wernm L3277 L.58 more warn
3%
Calm ~ Excitable ' : L, .60 1,87 more excit-
T : able

1.” These Figures are corrected for sampling bies, as discussed

in Chapter V. '

3t Change significant p

Q ¢t Change significant p

T
. O,")

<
< .01
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Table 6:5 (fortinued)

£

Who is a Scienbish? - percentage Percentare
' ' ghecliing. Area T chackine,

: drea IT.,
Engineer -. T 729 76%
Physician : B39 w4 €54
Physicist 865 ¢ 924
Psychologist ' 52% ¢ 67%
Definitions,  Areal Ares JI  Effech’

% endorsing % endorsing -

1.2.3 1:2:3.
Secience is simply a matter of 333 % 38% ~ more often
logical thinking. The scientist endorsed
Iries to flgure out problems "
in a logical way.
Science is simply; an atitempt to 384 29% less often
make the world a better place endorsed
by discovering new inventions '
and facts...
The scientist is anyone who is
searching for truth... L7% 56% more ofter:

endorsad,

# Change significant 5 < .05
#3% Change significant pg .01

ERIC

Aruitoxt provided by Eic:
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and warm. The definitions of science changed too: it was less often
viewed as 2 ubtilitarian matter, and instead was pgrceived more as any
search for truth, or as ain attempt to applyilogic to. problems.

Note that a few of these results were prédicted in Table 6:l--
but not all. There we had éssumgd that the emphasis on science as
2 human enterprise might be éxpectéd to make the scientist seanlless
unusval, less eccentric...” Quite the opposite took place.. As expected, s
however, science came to be viewéd as warmer; the decreasing emphasis
on the pfactical utility of science was also predictable. Unexpected
was the finding that science was increasingif viewed as "any search
for truth," or "simply a matter of logical thinking:" tﬁis implies
that the concept of science as a thing in itself, a particular way
of looking at the world and finding out about it, became less clear.

hY

Provosition 6:6 Although sore asbtitude chanses took place after

exposure to Hall IT (Develowhent of Science), it is likely that these

were not reactions to the exhibits there, bubt instead represented

recovery from chanees induced by the "Heuse of Scierce" film. Table 6:6

Yists the seven measures which show a significant differencs in responsz
when samples drawn frpm the beginning and the end of iall IT are com-
pared. With one exception, these are all measures which showed a signi-
ficant shift after exposure to the "House of Science" film. With no
excepticns, the attitude clianges represent a reburn towards attitudes
held before exposure to the film. 1In general, it appears that attitudes
do not swing back all the viay; rathe; they stop at some point between
the original attitudeé»anq the at%itudes found immediately after ex-

posure to Hall I. All of thié leads us te suspect that we are not
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Table 6:6

Attitude Measures Showing Significant Change Between Interviewing

Aveas II and III, Corrected Sample~

Mean Rabing Mean Rating . -
Area ITI1 =~ Effect

Measvre . Area IT

Likelihood of a lunar landing 5.97 % 5,78 . less likely-
by 1960 i

Rating of Scientists 3P 3,67 less
Becenbric~-Conventional . . eccentric

Rating of Science: by 58t he37 - less warm
Cold-Warm :

1 .
Rating of Science: L.87 3¢ L.68 less
" Calm-Excitable . excitable

4 Checking % Checksing

Avea IT Area ITT
Occupation checked as Scientific:
Engineer_ . 8% ' 73%
Physician 65'%;: : 59%
Psychologist = 67%:¢ -61%

% Change significant pg .05
## Change significant pg O
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here dealing with changés induced by Hall IT z2lone, but are i.nét-ead
seeing a kind of "attituvde recovery" phenomena. It is entirely péssible R
however, that Hall IT might have had a differential effect on this |
recovery process, causing some aﬁtitudés‘ "’so swing back, while reinforc-
ing change in others.

One qualification needl_,ls ﬁovbe'&aéde‘. The .crowd flow into Hall II
was such that peéple could enter by a side door, without having been
exposed to the film in Hall I. We had anticipated that this would be
rare., It was not as unusual as we had thouvght; in a subsample of 70
15eop1e who had visited Hall I, 13 had not'l viewed the "House of Science"
exhibit (Cf. Chapter X). So our‘s.ampie of people drawn from the exlt
to Hall IT undoubtedly included many who had not viewed the initial film,
Their attitudes then could be expected to be similar Lo those of people
before entering the Pavilion. As a resﬂt, the attitudes expressed
after Hall IT should, on the average, be more like those of the initial
sample. And this could account for the M"attitude recovery" found.

However, nol all of the changes can be a"otributed to the sampling.
Some of the attitudes affected by the £ilm showed a significant swing
back towards their initial state, but more did not. We can only con-
clude that sampling error may have contributed something to the ahove
findings, but does no! totally account for the results.

Parenthetically, it should be noted that none of the attitude

changes which we expected to appear (Cf. Teble 6:1), actually appeared.
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Proposition 6:7 Althoush attitvde chanses sppeared afier exposure

Yo tlhe Spacearium, no obvious patterns emerged. Table 6:7 shous
't;hose .attitude measures in which a_signi;icant difference was found °
betwcen before and afier samples Aat thé 'Si)acearium. Oddly enough, the
one measure in which change could be logically expacted-~the likelihood
of a lunar landing by 1980—:-.~slloiv'ed'no nean attitude shift, There was,
however, a significant shift in attitude dispersion on this measure,

and greater gonseﬁsuS; that a moon landing was possible. As for the

other changes which occurred, no pattern seems readily perceivable.

Proposition(:8 The displavs en Methods of Science produced

nminimal attitude change. There is no evidence that they changed or

clarified the public's undersianding of the scientific method.

ttitude change from Hall IV seemed confined to {two measurss: the
likélihood that scientists could ‘create new species of animals by
‘changing heredity (which increased) s and the rating of scientists as
original or unoriginal (they were perceived as less original). On
the rating of originality there was significa:ntly less consensus after
viewing Hall IV than before. The definitions of science showed no
changes in the before-and-after comparisons. This latter finding
svuggests that ’ohe. public did not increase in understanding of the

scientific method by viewing specific examples of its application;
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Table €:7
Attituvde Measures Showing Significant Change Between Interviewing

Areas III and IV, Corrected S_em}ﬁel

Mean Rabing = Mean Rating

Measure Area IIT  __Area IV = Effect

Likelihood of new species co L7 % }i.5k less likely
created by changing heredity .

God's word more important than L.06 s LuhT more importart
science -

Likelihood of science creating 3.80 % 3.5l less likely
life :

Rating of scientist: | .15 = 3.99 more polished
Polished~Clumsy

Rating of science: “1.68 % .86 more
Calm~Excitable exciteble

Area TIT Area IV
Definitions: 9 endorsing 1.,2.3 % endorsine 1.2.3,

Science is a matter of Lo% + 33%
logical thinking ... !

Science breaks problems 69% 75%
into parts...a keen analysis

1
Lo e S SN Y \

1. These figures are corrected for sampling bies, as discussed
in Ghapler V.

# Change significant p g .05

#% Change significant pg .01
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Iiz Brief:

1. Two types of attitudes change were investigated, and the results
reported in the present cha}ﬁter. Studied were changes in average atti-
tude, and changes in attitude dispersion. '

2. A priori ‘hypotheses were advanc;ed s specifying the content of
attitude change to be expected in each of the halls, The greatest att-
itude shift was expected in the"first hall, where a film dealt dir-
ectly with the issues here investigated. Attitude change in the other
halls, if found, would probably be a result of the public's ability to
generalize from the specific contents of‘vspecificvdisplays.

3« The initial attitudes--those brought by the public to the
Science Pavilion--could be summarized by three propositions:

a. In our samplei s scienf.is"bs' enjoyed extremely high pres’tige s
but with some reservations expressed.

b. In our sample, scie'nce is highly regarded, but is see;i

as having definite limitations.

¢. In our sample, science is defin‘ed mainly as & method for
finding out things by forming hypotheses and checking the
hypotheses with. experiment, or else as an attempt to analyzé
problems by breaking them down into parts. BFal for a size-
able percentage, there are indications that undcrstanding |
of science was vague.

. Patierns of attitude change were .analyzed éeparately for each
Payilion hall., Results were as follows:

a. Portions of the Pavilion produced significant changes in

attitude, but the changes were of slight magnitude.

e
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b. The majbrity of significant attitude changes occurred
in response to the "House of Science" film in Hall I,
The {ilm's genera; effeqt,waé_to ﬁake scientists seem
more academic and more eécentric. Science came to be
Seen as warmer and more femining, but the public!s con-
ception of science became more vague.

¢. Although some attitude change took place after exposure
'to'Hall I1 (Development of Science), it is likely that
the change came not as a reaction to the exhibits there,
but instead represqnteﬁ recovery from changes induced
by the "House of Séienée" £ilm.

d. Attitude shifts appeaféd after exposure to the "Spacearium"
show in Hall 11T, but no obvious patterns of change were
readily perceivabie. \

e. The displays in Hall IV on "Methods of Science" produced
minimal attitude change. Theﬁe is no evidence that they
changed or clarified the public's over-all understanding

- of the scientific method.
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CHAPTER VII -
THE RETENTION.OF INFORMATION

Louis Gray .

What did people learn abt the Science Pavilion? This question
was investigated in detail for Hall IV, presenting the "ethods of
Science." Eight specific subtesis, each containing from 6 to 16
questions, were given to people entering, and to those leaving,
Hall IV. This chapter prééents our ‘bfeliminary findings.

An analysis of the information retention might be conducted
in several ways, Initially it n;ight be concerned with changes OCC::II“
ring to each of the eight specific tests 3 this type of analysis should
indicate what subject matter areas best comn}unicated their information.
A second type of enalysis mighb concern specific questions: individual
items would be examined to see which contribute most change. This
second type bof analysis should indicate those specific parts of displays
and display areas which best communicate to the public, |

Types of Information Retention

The types of information retention which may have occurred in the
Scicuce Pavilion"fa]l into two basic categories: 1) retention of a
specific bit of information, and 2) retention of general principles

or terms abstracted from specific exhibits.
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The second type of retenbion noted above may itself be subd1v1ded.
The abstraction of principles and terms may occur at a high level (as
in abstracting basic principles of sci_en‘ti'fic m.ethod from specific
examples of its application) or at a low level, involving only a
simple recollection of words. Thus a visitor to Hall IV might come
aﬁay knowing terms such as "DN.:\" 'or "Wan Allen Belts" yet having no
idea of their referents., ' ' i
The relation of these types of retention to evaluation of changes
occurring in Hall IV is apparent. 4n increa'se in the probability of an
item being correctly answered after a person has seen Hall. iV nay be
" due to having "learned" that épecific item, or else to having abstracted
from the exhibit. Ir abstfaction is' the cause, then the change in
probability may be due to elther a h:.gh or low level abstraction, .
Simple knowledge that "DNA" is a term which has a referent in madern
science may increase probability of endorsement in an item for which
"DNA" is an alternative and o;bher 'alterhativ,es are not recognized.
| For the most part it will be impossible to definitely isolate the
type of information retention occurring on any specific item. In many
cases it is feasonable to assume that both types are occurring. Analysis
of the items should give some indication of tﬁe dominant type of reten-

tion occurring in each of the subject matter areas.

Over-all Qhanges _Occurrin.q in Hall IV

This prelimina_ry stage of the analysis was performed by means
of tests for significance of difference in, proportions cf corre_ct
responses between the. beglnnlng and end -of Hall IV, The units of

-

aralysis are not persons or te t scores bub the questions being asked
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in the testa. Discovery of a significant differcace (at the 5% level)
indicates that, in general, information measured by the test had been
retained. | |

This type of analysis neglects the fact that the items on a test
were not of equal éifficulty. This problem resolves itself, however,
singe the mean difficulty level for each test is approximately fifty
per cenf, and the items within each test are similarly distributed
with respect o difficulty.

Proposition 7:1 Thoueh the experience gﬁ havipne seen Hall IV

produced sienificant changes, in five out of the eight specific tests

-tbe amcunts of change were consistantly small.

Tablie 7:1 shows the préportions of correct respenses before Hall IV,
the proportions of correct responses after Hall IV, and the difference
between them. The reader will notice that changes rruge from a higﬁ
of 5.8 per cent for the test on Behavior to a iow of -7 per cent for
the test on Botany. (The two negative changef observed are too small
to be significant,)

The small size of the differences shows that over-all a low level
of retention occurred relative to the enormity of information con-
tained in Hall IV, Yet the size of the samples allows us to conclude
that the differences discovered are real and meaning}ul. Considerétion
of the circumstance surrounding a visitor to the Science Pavilion,
in the middle of a world's fair, suggests that only small amounts of
information retention could be expected. The atmosphere of a fair
could hardly be supposgd to be conducive to the learning-of detailed
scientific informétion, éﬁch"learning requiring concentration and
some expenditure of time.

ERIC

IToxt Provided by ERI
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Table 7:1

Over-21l Changes in Specific Subject Matter Arcas

Subject Matter % Correct % Correct Z

frea Before After  Difference (Test Statistic) .
5;}1; + Applied Physics L8.9 52.) 3.5 by 670
: Macro-Physics 50.1 52.9 2.8 3.32:%
Nuclear Physics h3.5 h2.9 -.6 -l
o Behavior L2.5 8.3 5.8° - _6.879:—::-
i Botany 61.3 60.. 6 -7 - .52
Geology 3%.0 ‘ 43.1 L.l 2,33
Human Physiology h8.7 L9.5 .8 .80 -
. Bioiogy 9.9 52.3 2. 2.83 ux

**Z at the 5% level of significance =1.65
Z at the 1% level of significance =2.33
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Examination of the above table indicates that the eight tests
divided rather neatly into two growps. The five tesits which show
significant differences (Applied Physics s Macro-’-Physics, Geology,
Biology, and Behavior) show much greater“chénge than those which are
not significant. (Each of these tests showa significant difference
not only at the 5 per cent level but at the 1 per cent level as well.)
- None of the other tests even ren‘lot.ely approaches the level of signifi-
cant difference, '

This observation tends to indicate that there may be particular
characteristics of the exhibits in tliese subject matter areas which

the three areas not showing significant differences do not possess.

Proposition 7:2 Sienificant retention occurred in those subiect matter

areas phich contained "live" exhibits.

The two largest changes occurred in the suﬁject matber areas
designated "Behavior" and "Applied Physics." Exhibits in the‘
Behavioral section consisted mostly of work with animals: monkeys,
pigeons, mice, salmon, etc. foe Applied Physics exhibits were domi-
nated by the actual satellite tracking station whose operation was
explaine_d to the audience by a live narrator of whom they could ask
questions. The Biological section included a modern laboratory where
young women conducted experi%nents and described them to the audience.

" The exhibif areas included in Macro-Thysics and Geology did not
use "live" exhibits_ in the sense of animals or human guides, bubt they
did contain actual examples or working models of equipment used for
research in these aresas. To b.e sure, models,and examples were present

in the subject areas where significant differences were not found, but

LN
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the level of abstraction necessary to cpmprehend theée seems to have
been of a higher level. Thus the audience could sece and comprehend
a telescope, or a working model of the drilling bérge Cuss I, bub
could nob simiiarlyicomprehend a Cloud Ch;mber or a sympathetic
ganglion.,

Additionally the major ﬁort{oﬁs of exhibit areas in Macro-Thysics
and Geology are indloge proximity to the satellite tracking station.
The changes in these areas may in part be due to this factor.

It seems reasonable to conclude that two kinds of exhibit areas
are most likely to communicate infopmationwﬁhoseusing M ive" material,
or those using working modeléfon a low level of abstraction. Can we
therefore conclude that retention occu}réd specifically within the "live"
parts of these exhibits? Not at all, because the live aspects of _
exhibits might have drawn people éo the exhibit, without themselves )
communicating much. Besides,'it is imﬁossible.to infer the type of
retention occurring in any particular case fr?m this over-all analysis.
In order tp answer these questions an analysis of individual items is
required.

Ihe Retention of Specific Items

The analysis of individual items was accompllshed by means of

“the Chi-square statistic. The frequencies of response to each alter-

native of an item before and after Hall IV were compared by means of
this staﬁis£ic. The results of the analysié allowed decisions as tc
whether the frequencies of response differed between the tﬁo interview-
ing areas by a signlfiggpt amount and the type of change which occurred.
As with the preceding anaiygis the 5 per cent level of significance

-ras used.




-102~ 1SR:63~5

Of the 10L items included in the eight subjec’ﬁ natter areas,?25
were found to be significantly different after exposure to Hall IV,

The total results of this analysis may be found in Appendices XV and XVI.
Table 7:2 shows the breakdot-m' into specif:ic subject matter areas.

The number of‘ items significantly different for any section seems
fairly directly related to the amouxllt of change for the whole test,
rei)or'bed earlier in Table 7:1.,.It will be noticed that in three cases
the direction of change is negative, i.e., the item was answered cor-
rectly less often after exposure to Hall IV than befoﬁe. Such a phennmena
may be due to lack of clarity in the exhibit communicéi"oing the item,
confusing effects of surround exhibits, or failure of the item to

operate correctly when a subject has viewed Hall IV. In most cases

it is difficult if not impossible to isolate the exact cause.

S T T —

changes gecurred are associated with one of thethree landmark exhibits

in Hall JV.

The landmark exhibits, described in moré detail in Chapter IX,
all involve people or animals: The Satellite Tracking Station, the
Biological laboratory, and the animal exhibits in the Behavioral
section. These exhibit areas account for fully 16 of the 25 significant
items. All changes are positive, and some are very large. Item L
in the Behavior test, for example, shows an increasé of fifteen per cent
in correct responses.

The. remaining q,ueétic;n is, how closely are these items iwhich
show significant differences associated with the landmark exhibits?

-




~103~

‘Table 7:2
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Breakdown of Significantly Different Ttems by Subject Matler Arca

S vy

Applied Physics

Macro-Physics
Nuclear Physics

Behavior

Botany
Geology
Human Physiology

Biology

Llem Mumber
(Significant_Items Only)

L
13
15 .
16

1

3
12

o

1

O @ oUW

(43N

13
h

O\ o3

Direction of Changs

Positive
Positive
Positive
Positive

Positive
Positive
Pogitive

Positive
Negative
Negative

Positive
Positive
Positive
Positive
Positive
Pogitive
Positive

Negative
Positive
Positive
Positive
Positive
Positive

Positive
Positive



O

ERIC

Aruitoxt provided by Eic

~10l~ ISR:63-5

Of the four items showing signilicant differences in the .area of
Applivd Physics,tiwo are directly rclated to the satellite vracking
station, both referring to statements macie verbally by the rarrator.
The other two items are contalned in *he exhibit on fuel cells, the
most distant of the exhibits in the are’a'on Applied Physics from the
tracking station, |

Unfortunately none of ‘the. :‘.te;m“ in the test on Biology dealt
specifically with the 1abor‘ato:cy. Of the five significant items in
this area one referred to the cell model, two referred to the fire-
flies, and two referved to the DNA exhib;tts and the Watson-Crick
hypo't-heses. Though it is, of course, impossible t¢ assess the elfects
of ‘the lapcyratory itself, it is of interes..‘t to uote that the exhibits
conbaining the sigrificant items were gll very close to the laboraboery.

Of the seven significant items in the Behavioral section, four
concerned the monkeys, two concerned the mice, and one concerned im~
printing in chickens. All refer to liv. exhibits and more than hali
refer to the monkeys, considered to be the mest popular exhibif in
Hall IV, ’

Thus nine significant differences in items seem explainable in
terms of the landmark exhibits. The items in Biology seem partially
though incompletely explained and two items on the fuel cell remain
unexplained. Explanation of these and other items fequires considera-
tion of cro‘wd flow in Hall IV. ‘ |

Propesition 7:h Items which are locabed along the paths of maln

crovd flow are more 1ikel:'.-' 1o show sisnificant changes than items

j.:o ated elsewhere.
No detalled u:tﬂc.uss:.on of crowd flow patterns will be athempied

here: for a Aetailed analysis see Chapber I¥, Only the geusra
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patterns will be considered. The main crowd flow pattern generally
seems to follow lines of least resistance between the three land~
mark exhibits. Thus the average visitor to the Hall saw first the
satellite tracking station, moved to the‘Biologicél laboratory; and
then proceeded to the animal exhibits in the section on Behavior. (See
Figurc 9:3 Chap.IX) The majority of {tems showing significant
changes definitely lie along thié route.

Of the twenty-three items.showing positive significant differ-
ences, all but five fall directly along the main traffic flow in
Hall IV.(Figure 9:3) Of the five remaining i£ems, one lies in
the Nuclear Physics area, one lies in the Human Physiology area,
and the remeining three fall in the Biological area. The discussion
of the subsidiary crowd flow pattern; in Chapter IX suggests that the
chahges occurring in the Biology and Human Physiology areasare assupi"
ated with crowd overflow ‘from the biological laboratory and the ‘
animal behavior exhibits. |

The single {tem found pdsitive]y'significant in the Nuclear
Physics exhibits seems partly explainable in terms of subsidiary
croud flow. For this item simple word recognition (resulting from
passing through the exhibit area) could cause an increase in the
percentage of correct response,

Of the three items found significant in a negative divection,
two concern the Nuclear Physics exhibits and one concerns the exhibif
on plant growth. Both of the items referring to Huclear Physics lie
outside of the main crowd flow and‘both represent a relatively high
level of information, -2 level probably above anyone not specifically

interested in learning the information contained.
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The exhibit on plant growth, as can be smen in the chapter on
crowd flow, received little attention. Examination of the item (see
Appendix'x) . indicates that the wording alone may have caused the
negative change. '

It thus appears evident that severai gomeral factors influenced
the retention of items: specifically, whether the items formed part
of a landmark exhibit, whose loéation affected crowd flow, and whether
it felllon the trails of certain fine patterns of the crowd flow.

Can we determine more exactly what characteristics of information
presentation contribute most to communication? Some indications of
characteristics are indicated by the effects of the "live" exhibits
diséussed earlier, but final juﬁgement must be based on more detailed
examination of the presentation of sﬁécific items.

Specific Item Characteristics

\
%
\

During the intial stages of £his project, the test items were
analyzed to see how their information‘had been.présented. Here we
shall consider some of the variables in trying‘to determine what
specific characteristics make for successful communication of informa-
tion. (It &s expected that a more complebte analysis will be forth-
coming as part of a doctoral dissertation by A. Dorius.)

Among the variables considered were: 1) whether or not movement
was associated with item presenfation, 2) whether or not the audience

-participated in the display (as in pushing a bubtton to start display,
ete.), 3) whether or not sound was associatéd with the display,
4) whether or not animals or narrators were present in the display,

S) ‘and whether the exhibit was highly abstract, or relatively concrete.

-
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Judgments on the diavlays were made by a team of judges. The
reliability of observérbions seemed, on preliminary analysis, quite
high, though exact reliability figures are not yet available.

Proposition 7:5 An anmalysis of item cheracteristios tends to

BT B Malpe g

indicate that movement and souwnd are related to the tendency of an

item to show significant differences.

Table 7:3

Number of Significant Items Possessing
Certain Presentation Characteristics

Presentation Variables Ttems Possessing Variable (number) Max=22
Moverent . 16
Participation by subject o2
Sound 11
"ive" . 9. |
Abstraction 11

Of the twenty-two ‘items; shozﬁng posi‘civeT significant results,
sixteen elther contained or were assocliated with movement. This
movement wvaried from the movement of animals and live guides, to the
movement of particles in é cloud chamber. To be sure, these types
of movement may have different effects, but analysis of these differ-
ences has not been investigated at the present t.me.

Half of the significant items contained or were asscciated with
sound s and half reisresented scme degree of abstraction of the phe-
nomena being discussed., Nine of thé items were explicitly "live"
in nature, having animals or guides associated with them. Only two
of the items reguired thz; participation of the subject.

ERIC

IToxt Provided by ERI
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Although further analysis needs to be done on these item character-
istics, and comparisons made tetween those itemswhich show significant
changes and those which do nobt, it is possible to draw some preliminary
conclusions. The characteristics which'sgem to be most important are
mofement, and sound. Judging from the ghanges in probubilities on
the items, the presence of gnimals‘ér guides is effective in bringing
.about larger differences in information retention. Participation of a
subject in an exhibit seems to have little effect on information reten-
tion.

Table 7:k shows the twenty-two positiyely significant items
divided into upper and lower halves in terms of amounts of proportional
change in correct response.‘ As can bé seen, the items with the
gre:zter vefore and after difference tend to be more strongly associated
with movement, sound, and the presence of animals or guides. Itemé‘
with lower differences tend to be more strongly associated with partici-
pation of a subject and are somewhat more abstracf. The data in the
table are by no means conclusive; more certaih findings await fﬁrther
-analysis.

Tabie 7:5 shows the reiatiﬁe assoclation of significant and non-
significant items with several presentation variables. The Same tenden-
clies noted,in Tables 7:3 and 7:l can be noted here. The sigrificant
itens appear to vossess more often characteristics of movement, sound,
and the use of animals or humans. The non-gignificant items tend to
possess slightly more participation by the audience and tend toward

abstract presentation.
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Tahle T

The Relationship Between the Amount of Change Occurring on Significant
Items and the Presence of Certain Presentation Variables

Ttems Possessing Variable (number: max=22
A&

Eresentabion Vardiables

Large Chanse Srall Change
Movement A 9‘ 7
Participuation by s.u.bject .0 2
Sound ' 6 5
“Hive 5 b
Kbstraction 5 6

Tahle T:5

Percentage Distribution of Items Found Significant and Items Kot Found
Significant by Presentabion Variables

Presentatioﬁ Variable . Per Cent of Ilems Posgessing Variable
Non-significant Significant

Hovement, | | . 5l 73

Participation by Subject 12 ' 9

Sound o 50

"Live" 5 L1

Abatraction 59 50
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Tvpes of Retention Occurrine in Hall IV

It is difficult to be very specific about the types of retention
occurring in Hall IV, but examination of the specific items suggests

certain regularities.

Proposition 7:6 Each of the three types of retention discussed

Ete

earlier in this chanter appears-to occur in Hall IV, but high level

v

abstraction retention seems to occur primarily in the Behavior exhibits.

Fourteen of the twenty-two positively significant items seem, in
the main, to represent abstraction in the sense of simple word recog-
nition. Of thess, four are concerned witb‘the Biology exhibits, two
with the Applied Fhysics exhibits, two from the Macro-FPhysics exhibits,
one from the Geology exhibit, one from-the Nuclear Physics exhibits, and
four from the Behavior exhibits.

Three items appear to represent specific information retention.

One item from Biology, one from Human Physiology, and one from
Macro-Physics.

Five items seem to show a degree of higﬁ level abstraction. Three
of these are concerned with the exhibits on Behavior, and two with
the exhibits on Applied Physics.,

The reader must realize that the categories of retention, as
deséribed here, are hardly mutually exclvsive. It is difficult to
isolate clear-cut criteria by which such categories can be operationally
defined. From a general standpoint,it appears that high level abstrac-
tion occurs primarily in the arveas of Applieu Physics and Behavior.

Vord retention seems most prevalent in the areas of Biology and probably
in Nuclear Physics. Tﬁé level of abstr&ction present in the exhibits

contained in these subject mabter areass may have assured this recult.
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Preferences for Exhibits in Hall IV

In addition to anéwering specific informabion questions, people
interviewed at the end of Hall IV were asked to choose, from a set
of color photos, pictures of the exhibits which they liked best.

Table 7:6 shows the responses to this question by subject matter area.

Table 7:6

. Percentage Distribution of Chojces of Exhibit Areas

Exhibit Avea Percentace
Applied Physics | 1,.89
Macro-Fhysics ‘ : 8.13
Botany , . 3.38
Biology 13.57
Human Physiology . 12.98
Behavior 35.75
Nuclear Physies _  6.86

Geology v b6

Proposition 7:7 Exhibits picked as these enjoyed rost were

those in which the greatest retention occurred.

The two most popular exhibit areas were those concerﬁing Behavior
and Applied Physics, these being also the two sreas in which the largest
retention occurred. _It should also be noted that the Behavior area is
the only one which.is chosen ab a rate much greater than chance level.
(Chance level being slightly over 12 per cent here.)

The percentage distribution in the above table also substantiates

he lardmarik nature of the tfacking station, the laboratory, and the
Behavior exhibits. '
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The Relation Betrezen Information Retention znd Probability of Viewine
an Exhibit

From the findings skebched above, it would appear that the
popularity of an exhibit (in other words, the probability thet it
will be viewed), is the major fachor coﬁfributing to information
retention. If thié supposition is correct, then there should be a
high positive correlation between the probability of an exhibit being
viewed and the average change in correct responses for items cont-ined
in that exhibit,

From the time-lapse analysis, reported in Chapter IX, it proved
posgible to estimate probabilities of visitors occupying certain areas
in Hall IV. Table T7:7 indicates The probabilities associated with
certain areas. The alphahetic designétions correspond to those on
Figure 9:3.

It was nol possible, at this'preliminary stapge of analysis to .
estimate probabilities for all exhibit areas.

Thirteen of these exhibit areas could be,directly associated with
items in the information tests. The average change in per cent correct
for the items associatved with any of the areas was computed. Figure T:1
shows the resulits of this analysis. E

The correlation between the variables was .72, significant at
the one per .cent level. Though the relationship is strong, it can
be seen that only about half of the variation in percentage of correct
response can be explained by the probability of viewing an exhibitb.

Some of the exhibit areas deviate nobiceably from the least-

squares regression line; these are of particular interest. The point

-
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Probability of Viewing Certain Display Areas of Hall IV

Alphabetic

A8 s S e e s b

.

o=

o= ol o H HH L SRR
"‘H:ghhm'l—' cﬂ,cc_...mpl—:.::n::::omw*dm Qow

Descrivtion of Bahibits

Map of Hall IV

Inside the Earth: Moho
Diamonds$ OCuss I

Aurora

Nuclear Physics:

Project Transit: Enbtrance
Satellite Tracking Station
Radio Telescopes

Radio and Opbtical Telescopes

Optical Telescopes; All Sky Camera

Radio Emission

durora; Fusion
The Sun

Fusion Tuels
Fuael Cells

Biological Laboratory

Mice

Nerve Growbth Factor

Electron Microscope

Monkeys, Chickens, and Pigeoris

Probability

W Al i Aren e A b A oy

of Viewing

» 30
5l
.36
110
.10
.?2
.90
.68
3L
.51
.3h
.17
.00
.51
.31
o 2C
10
.20
20
1.00
.60
L0
.75
40
.25
.50
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marked D, the exhibits on dNuclear Physics, deviates greatly from the
estimate of iis posiﬁon based on regression--less was learned there
than we would have anticipated. The same appears to be true for pointo
G, the exhibits on radio and optical teléscopes, and F, the satellite
tracking station.  For the exhibiis on ANuclear Physics this extreme
deviation may be due to the highly ébS'b;r-act nature of the subject,
end perhaps to its relative‘ unfamiliarity. The same may be true for
thé exhibits of radio and oplical telescopes, though the departure
from expectabtion did not appear in any of the. preceding methods of
analysis.

The satellite tracking exhibit, on ‘ohe other hand, was a “live®
exhibit, and preliminary examination led us tc believe thav it would
be highly effective. The Behavioral exhibits, the point marked C,
do mot show such strong deviations, thus irdicabing that some particu-
lar feature of the satellite tracking exhibit reduced its effectiveness.
Could the crowds themselves, have "gotten in each others'way," re-

ucing the display's effectiveness? Probably not, since crowds as
large were attracted by the Behavioral exhibits, and these show retention
slightly above expectabion.
) The reader v;ill recall that the items cn the tests were not of
equal difficulty. Given this situabion it would appear thal a small
amount of change occurring on a difficult ifem should be of greater
importance than a similar amount of change occurring on an easy item.
Thus conclusions drawn from Flgure 7:1 represent average

_ change withovt consideration or item difficulty. Finer analysis of

the relation between pfobabjlity of viewing and change in probability




~106- ISR:63-5

of correzclt response can be made by welghting the changes on items in
accordance with the over-all difficulty of that item.

Figure 7:2 shows the relationship between probability of viewing
and mean per cent increase when the per cent increase has beeﬁ cor-
rected for item difficulty. The correlation for this scattergram is
.07, significant at the 5 per cgnf level. Examination of this
scattergram in relation tolﬁhe préceding one points out some interest-
ing differences. |

The point marked O, the Behavioral exhibits, and the point marked
Il, exhibits concerning the sun, have dropped below the expectation
based on the least squares regression line. Point F, the satellite
tracking stabion, while still below expectation, is only slightliy off.
Points D and G remain far below expectéhion, but it should be noted
that consideration of difficulty‘lowers point G relabive to D. Points L,

Hl, and 12 are noticcably above expectation.

Proposition 7:0While probability of viewing seems definitely

related to information retention, it is by no means completelv exvlana-

Examination of the scattergrems and the correlaticn coefficients
associated with them indicates that, with or without correction accord-
ing to item diificuvlty, only ahout fifty per cent of the variation in
item changes is explained by variation in probability of viewing re-
lated exhibibs. Additionally, the use of live exhibits is not enough
to explain the observed deviations, since points 0, ¥, and L ail cowtbain
live exhibits. Accordingly neither the presence of movement, sound,
high degrees of abstfactipn, or other of the mentioned characteristics

seems alone to completely account for variations in retention.
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Proposition 7:2 The effective communication of information by

————

exhibits depends on the interaction of crowd flow patterns, use of

dife or movement in exhibits, and degrees of zbstraction or familiarity

in information presentation.

The above propositioﬁ seens to indicate the conclusions to be
drawn from the ex;mination of information retention in Hall IV. It
has been pointed out that erowd flow patterus, as reflected in the
probahility’of an exhibilt areca being viewed,are a major factof. The
chapter on crowd flow indicates that large crowds, on the other hand,
may limit the possibility of retention while the probability of view-
ing remains quite high. The presence of "live" characteristics or of
‘movement in an exhibit may increase the probability of an exhibit being
viewed; but may, in itself, serve as a distraction, Also live and
moving exhibits méy'be limited in the degree of abstraction they can
effectively communicate; witness'for example the ineffective communi-
cation of the exhibits on Nuclear Physics.,

Of the several exhibit variables discussed here, it would appear
that the most important is crowd flow, aud the probability of viewing.
More retention seems explained by this variable than by any single
other. This is not surprising-~how, after all, could cne learn from
an exhibit one has not seen? Any realistic attempt to communicate
via an exhibit must, however, take all these variablés into account
since they act simultaneously on the audiance.

Exactl, how these variables imteract in specific displays cannot
as yel be determined; the preéent discussion is based only on pre-
liminary analysis. § is hoped that more‘conclusive information may

soon be available in the form of a dissertation and various publications,

F)
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Conclusions

A cerbain caubtlon seems advisable in drawing conclusions from
this chapter. After all, it is likely that many kinds of exhibits
can effectively communicate informatién? especiaily if one is inter-
ested in learning :rom them. Interviewe;s occasionally came in con-
tact with persons who had spent hours, and sometimes days, in Hall IV
trying to learn from the exhibiﬁé.' For them, all kinds of displays
provided an educational experience.

The dala reported here does not refer to these rare visitors. The
data come from the average visitor to Hall Iv; not tﬁe exceptions. The
point then is that only certain types of exhibits could effectively
communicate to these average visitors and that the amount of informa-
tion retained was quite small., How much retention occurred with the
rare visitors is impossible to determine since the sampling method was
in no way geared to seek out thesé people--although later analysis ‘
might clarify what happened to the occasional "serious viewer."

It is essential to keep in mind, while ipterpreting these resulis,
that the crowd was, in general a fair crowd. The fair atmosphere
certainly effected their tendency to retain information. Without
additional information it is impossible to generalize the results of
this analysis to situations other than a fair situation on any other

than hypothetical grounds.
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l. The present chepter gives preliminary Lindings on information
retention in Hall IV: more complete analysis will be forthcoming in a
doctoral dissertation by A. Dorius.

2. When analyzed in terms of content areas, five of the eight sub-
tests showed small bul sigrificant increéases in the percentage of correct
answers. r

3. The greatgst information retention occuwrred to "Behavior'" and
"Applied Physics," both containing "live" exhibits.

L. When individual items (rather than sﬁbSCale scores) were
examined, the majority of thcse items showing significant change were
associated with one of the three "landmark" exhibits: the Satellite
Tracking Station, the Biological Labo;afory, and the Behavior Section.

5. Items located along the paths of main crowd flow were more
likely to show significant change.

6. lMovement and sound terl=4 to be present in items which showed
significant incrcase.in correct answers.

Te EXhibits.which were most often picked as being “enjoyed" were
also the ones for which the greatest information retention occurred.

8. The probability of a display bheing viewed correlated .72
with the average amount of information retained from that display,

9. In interpreting these findings, it should be remembered
that the average fairgoer was in 2 holiday mood, and not interested
in a cerious and prolonged study of the exhibits. Our data give
little information on the effectiveness of displays in educational-

museun settings, or among people who are intent on learning.

4
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CHAPTER VITI
THE ATTENDANCE STUDY

Otto N. Larsen

Problem

This chapter reports a study of audience attendance pati;erns at the
United States Science Pavilion undertaken to deteramine: (1) t.he size
of the Pavilion audience as coml.aaz;ed t'o the total fair attendance by
days, (2) the hourly, daily, and weekly’;audience flow in and out of the
Pavilion, and (3) the audience flqw by particular entrances and exits.
Erocedure ‘

& count was ‘taken of every person, Pavilion employees excluded, who
entered and left t™ Pavilion by the public entrances tetween 9 a.m.
and 9 p.m. for one week from Monday July 23, through 'Sunday July 29,
1962, This time period was the first full week in the second-half of
the Seattle World's Fair.

Each day was divided into six coun’oing; periods of two hours each.
Three chservers were employed during each counting period. One observer
was stationed at the main stairway going up _to the first exhibit hall,
The other two observers were stationed at the left and right stairways
going down to ’the' level of the direct outside exits and entrances of the

four remaining exhibit halls. A person was counted as entering or

IToxt Provided by ERI

ERIC
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leavirg the Pavilion as he passed the main platform on each of these
stairways. ‘

The observers used a mechanical recording device for counbing
persons entering the Favilion. As p'ersoné left the Pavilion the
cbgervars mads a tally mark on a record‘slleet. The total number of
entrances and exils were posted for ‘cver’y {two-hour period up to 9 pe.m.
each day. Simnce the Pavilio'n does not close until 10 p.m., the mmber
of entrances and exils does not balance for each day of the observation
period. The bulk of the difference probably represents people whe have
not departed from the Pavilion by 9 p.m. However, some of the differ~
ence may also represent errors in counting: In general, the reliability
of counting entrances is believed to bhe higher than the reliability in
counting exits from the Pavillon.

The simple procedures employed in this study limit the finding to
certain observabions about audience size and movement.

Findings

Fair Attendance and Pavilion Entrances The average daily atten-

dance at the falir during the week in questioﬁ was 51,942, The average
nurber of daily entrances to the Science Pavilion for that same period
was 36,151 or 69.6 per cent of the average daily fair attendance. As
indicated in Table 8:1, the number of persons who enter the Pavilion

represents a fairly consistent proportion of the daily fair attendance.
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Table 8:1
Fair Attendance and Science Pavilion Entrances,

July 23 - July 29, 1962

*

Day Fair Attendance Pavilion Entrances Per Cent
Monday 51,067 . 37,251 68.9

Tuesday 58,278 . ' 2,522 73.0

Wednes day 56,518 Lie,3u8 71.4h

Thursday 52,927 ' 36,987 v 69.9 ,
Friday 1,6,889 32,065 68.1 !
Saturday h9,733 32)223 6)4-08 :
Sunday 15,18) 31,661 70.1

Totals 363,596 253,057 69.6

Daily Average 51,92 36,151 69.6

The present data suggest that high and low fair attendance does
ol aiapea‘r to significantly affect the proportion of fair-geers who
enter 'bhe-Science Pavilion. Falr attundance was highest during the
first four days of the week and lowest during the last three days,
with the range extending from aprroximately L5 to 58 ‘thousand Persons.
Despite this variation, the préportion of entrances to the Science
Pavilion was fairly consistent on both high angd low crowd days ab the
fair, |

This consistency provides a basls for estimating the total number
the Pavilior; during ths féir. For example, ‘the data from the present
study svggest that if total fair attendance. reaches nine million persons
then the number of erirances 4o the Science Pavilion would be 6.3
million persons, GCaubion must be exercised in interpreting such estimates,

however. Duplicate appearances by the same person at the Pavilion
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on a given day n-ast be taken inbto account. Whereas fair attendance
figures for a given day do not include any duplicate count of persons,
the count of SciencelPavilion entrances does include duplications. Some
people enter the Pavilion, exit, and then return again later on the
same éay. Some people go up the main stairs, turn around, and then
go down one of the other sitairs to the lover level. In such cases,
these psrsons were counted each tinie they entered and exited. No
accurate record of duplications could be mads using the counting pfo-
cedure of this study. In the judgment of the observers, duplication

. would not raduce the proportion that the Pavilion entrances are of

the total fair entrances for a given day to less than one~half. The
suggestion then is that Pavilion enlrances represent a minimum of

50 per cent and a maximum of 70 per cent of the fair-goers for any
given day.

Hourly'Entrénce Patterns Taﬁie B:2 shows that the audience floﬁ

into the Pavilion by two-hour periods vas strikingly consistent from
day to day during the week. By one o'clock aﬁout one~third, by three
ofclock about one-half, and by five ofclcck about three-fourths of
each day's crowd had entered the Pavilion. For given hours of the
day the Pavilion seems to abitrach persons in a fairly constant way
from day to day even with some variation in the number of persons on
the fairgrouﬁds; Tﬁe present study does ﬁgi_throw aﬁy light on whét
erowd control factors contribute to the pushés and pulls that result

in this pattern.



~12ly~ ISR:63-5

Table B:2

Cumiiative Per Cent of Entrances to Pavilion
by Two-Hour Perieds for Each Day of the Weck

DAY
Houys  Mon. Tues. Wed. Thurs, Fri. Sat. Sun.

Com,_Fer_Oer,

9-11 8.2 11.7 11,2 11.1 1.2 11.3 11.8
11~-1 31.2 28,7 28.3- . 27.8 30.6  29.8 30.8

1-3 5.9 L8.3 50.6 52.1 £3.2 53.4 51.5

3-5 73.4 73.2 73.2 75.2 75.7 7h.3 73.7

5= 67.2 86.6 86.6 88.0 88.6  87.4 89.1. p
79 100,0 100.0 100.0  100.0 100.0 100.0  100.0

Total N 37,251 L2,522 L0,3L8 36,987 32,065 32,223 31,661

Entrance Rowbtes A person approachihg the Science Pavilion can

either go up the center stalrway to‘the first exhibit ha11"~ThefHouse~
of Scilence~~-or déﬁﬁ the left or right stairwayg that lead to the later
exhibit halls. For first visits, at least, the former route is presumably
the appropriate one since the first exhibit hall intrcduces the whole
theme with a £ilm on the grgwth of science. Since there are often lines
waiting to enter the House of Science, the trowd itself serves as a
check on the number of persons who select a particular route to enter
the Pavilion. The routes of entr& by day of the week are presented in
Table 8:3. The major deviabtion from a fairly consistent day to day
pattern of Pavilion entry is found on Tuesday, the day with the highest
attendance, which was the'only day when less than half of the entrances
were made by the stalrway leading to the first exhibit hall. The rela-
tively low percentage of entrances by the left stairway is accounted for

by the fart that this is the principal route for exits.
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Table 8:3

Roules of Eunbtry to the Science Pavilion

Day. of the Heek

Entry - .

Stairway Mon. Tues, Wed.  Thurs. ¥ri. Sat. Sun.
Centor 60.9 16.5 57.6  5h.0 57.9  58.3  63.5
Right. 25,7 L1.9 30.3 ° 30.7 28.8 30.5 26.1
Left 13.h 11.6 12,1 15.3 13.3  11.2  10.h
Total Per Cent 100.0  100.0  10C.0  100.0 100.0  100.0 100.0
Total N 37,251 - h2,522 10,348 36,987 32,065 32,223 31,66l

Exit Routes The left stairway (facing ‘oﬁe Science Pavilion) is the
major exit route. On six out of seven days nearly three-fourths of the
persons leaving the bu:’glding left by thal route. The che exceplion was
Tuesday, the day with the hiéllest at*béeﬂdance » when only about two-thirds
of the exits were by this route, Nearly one-third of the total depsr~
tures on Tuesday were via the cen‘t’er stalrway. Thils suggests that as:
fair a’tendance begins to approach 60.'hhousand and Pavilion entrances
begin to exceed L0 thousand persons on a given day then there will be
a marked shift in the entrance and exit routes at the Pavilion. Crowd
pressures on those days indicabe that a large number of persons walk
up to snter the Pavilion bty going first ini;o the House of Science but
they do hc’b walt to follow that route. The patterﬁ of exits is it_adi.ca‘bed

in Table 8:l.

Hourly kKet Abttendance in Pavilion How many persons are in the

Science Pavilion at a given time? Subiracting the cumulative number
of rersons leaving from the cumulative number of persons entering at a
given time period can provide some answer to this guestion. - The data

are presented in Tahle 8:5,

s
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Table 8:h

Exiv Routes from the Science Pavilion .

Exit Day of the VWeek
Stairwvay Mon, Tues. Ved. Thurs ., Fri. Sat. Sun.
_Per et A
Left Th.5 617 76.2 78,5 76.8  75.7  75.0
Center 19.5 32,9 7 -16. 0 1.7 16.7  *17.8 18.9
Ri'ght . ’ 6.0 Soh 7oh~ . 608 6-5 605 6'1
Total Per Cent 100,0  100.0 100.0 100.0 100,0 100.0 100.0 ¢
Total N leaving . 34,493 39,101 36,517 33,363 30,362 30,131 31,109
Table 8:5

Number of Persons in Science Pavilion by Hours and Days

Day_of the Week

Bours Mon, Tues Wed, Thurs. Fri. Sat. Sun.

. s 9

' Net_Number in Pavilion
-9-11 2:!-111 h,l&? 3:893 3:563 3’076 3.9015 3:008
1i-1 5,222  L,780 L,215 3,611. 3,192 3,598 3,123
3-5 3,746 3,h21 3,718 5,309 2,106 3,999 2,473
5-7 3,010 3,951 3,916 1,202 1,876 2,380 1,706
-9 2,758 3,h21 3,831 3,624 1,703 2,092 552

A Replication The study reported above gave an account of the
number of persons who ca:ﬁe to the Science Pavilion during the week
July 23-July 29, 1962. This section 'present-s' the findings on the
number of persons whd enterad the Science Pavilion on Friday, October 12
and Saturday, October 13 ,'1962. The procedures are as described earlier,

the results arc shown in Table B:6.
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Table B8:6

Cumulative Per Cent of Enbtrances to Pavilion
by Two-Hour Periods, October 12 and Oclober 13

Friday Saturday

Hours Number Cuw. Per Cent o+ Number Cum, Per Ceul
10-12 - L,910 19.3 _ 7,468 16.6
12-2 6,045 Li3.0 . 9,538 37.7
2—).!_ ) 5,623 6501 & . 11’671 63.5
4~6 3,95h 80.6 8,3L7 82.0
6-8 L, 946 100.0 8,150 100.0
Totals 25,473 100.0 Ls,a9h 100,0

Again, as in the initial attendance'studf, the figures above show thet
a fairly constant proportion of the daily attendance entered the Scicuce
Pavilion during a given two hour period even when there was considerable
variation in the total number of perséné atterding in a given day.

The relationship of Sclence Pavilion entrances fo the total da;Ly

paid fair attendance is showm in the following figures:

Day Fair Attendance Pavilion Entrances Per Cent
Friday Lo, 72l 25,478 63
Saturday 75,631 L5,19L 60

Again, as in the earlier study of entrances to the Science Pavilion,
the variation in the number of persons attending the fair on a given day
does nol appear to significantly affect +the proportion of pavilion
entrances. However, this proportion is about seven to ten per cent lower
than the ave}age during the earlier count which 1as faken at aboub the
nid-point of the fair. This may result from a difference in fair atien-
dance patterns; the October'crowd perhaps contalaning a larger portion of

repeat visitors.
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In Brief

1. 4 count was takem of all people who entered and departed
from the Science Pavilion during one week in July, betueen 9 a.m.
and 9 p.m. |

2. In auwy duy, on'the average, 69.6 per cent of the people on
the Talrgrounds visited the_Pavilioﬂ. This fiéure was fairly constant,
ranging from 6.8 per cent to 73.0 per cent.

3. It is svuggested that these figures be interpreted with due
regard for their limitations, since pesople can come several times to
the Fair and enter the Science Pavilion but once; it is also probable
that many people entered the Science Payilion more than once in a
single day. «..

L. Hourly attendance patterns were highly stabie from day to
day. ’ e \\

5. Between 6.5 per cent and 63.5 per cent began their visit by
the entrance leading to Hall I, the "House of Science" film. The
rest enltered stairways leading to the latber ﬁart of the complex.

6. It is suggested that as entrances exceed L0 thousand
persons pef.day, crowrd pressure forces pecple away from the main
enbrance, and into starting with léter exhibitionsf

7. A replication of this study was conducted for a two~day
period in October. The.percentage of enbraﬂces to total paid Fair
attendance had diminished, being 61.5 per cent. This may possibly
reflect a greater proportion of Fair visitors who have already seen

the Pavilion, and wish to visit displays with lower priority.

C e
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.

CHAPTER IX

CRCWD FLOW PATTERMS IN HALL POUR
Allan Dorius

Full interpretation of the crowd flow patterns in the Scicnce
Pavilion awails later analysis; the preéent chapter presents some
early and general findings.
Procedure

Eésentially what was involved was tinis: hiring peonle 1o watch
cerowd flow would have proved prohibitively expensive during the six
months the Fair lasted., Therefore it was decided to employ time-
lapse photography, with cameras focused on various exhibit areas or
vistas in order to observe (présumabl;r with less bias) the direction
of traffic flow and/or total number of persons viewing an exhibit ab
any given time, Time~1apse photographs had an additional advantage
over human obsérvers; they provided a complete and permansnt record
shich could be later used to check a variety of hypotheses.

Equipment consisted of three 16 mm Bolex H cameras, fitted with

’ i
modified contituouvs run motors and with electric clocks which activated
the motor and allowed cone frame to be exposed approximately every
12-15 seconds.l This system never achieved the reliabilily anticipated
in part due to eguipment failure and in partin variations in electrical
output from the wall socket. As a resuli, exposure time-lengths were
variable., Persons contemplating such devices are welcome to write ©o
the auwthor for comments gained from e perienca.

Brieily, the procedure was as follows. 'The_ cameras were changed

with fresh film c]aily, usually in the morning. The newly exposed films

g .28 2 1 -, [T U

1. The motor used was Bole}. t:me }MC173 the eleciric tlmmg attachment
was supplied by Stevens Erngineering Company, Cslifornia. Super Hypan
Ansco reversal film was emp'ioyrhd
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were developed by the nexg afternoon. Should a £ilm prove poorly exposed,
or should some component of the equipment malfunction, the camera was
returred vo its former position for another day's run. This resulted in
some duplication, bul in fact proved useful as a check against those
pafts of @arlier films which could be défined. Begiining at the main
entrance to Hall IV of the Science Pavilion, the entire area of the
Hall was photegraphed. Whec‘miﬁimai coverage was achieved, different
angles on similur areas were tried, providing yebt a further check which
greatly assisted analysis and interpretation.

Typically, at least two cameras were working, and the second was
set in a position complimentary to the first; say, on the entrance
and exit of an exhibit or exhibit series. All camera mechanisms were
connected to tﬁe display electrical system, turning off with the exhibit
lights at night and on in the morning, thuvs allowing the 100 foot film
roll to last for over 2 hours. Cameras were placed at three heigh£‘
levels, depending on the accessibility of the module and the particular
vista desired. The eight foot level gave clearest shots bul the camera
atliracted occasional attention. The fourteen'foot level proved best
over-all, giving a good vista but still allowing count. The thirty
foot level functioned as a check, an over-view, which allowed the viewer
2 longer look at the patterning of people. Figure 9;1 shows the pos-
itions of thg camera (similar numbers indicaﬁe two cameras functioning
on the same day) and the range of view and over-lap of the vistas. If
is ‘apparent that mcst of the floor =t one time or another was observed.
Analysis |

.The. Filws were daily viewed and catalogned. As an added precaution,

p—
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Position of Cameras and Range of View in Hall IV

o Figure 9:1
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the investigator began each film by pholographing a sign showing the
time of day and the area covered; thus errors in cataloguing could
be detected and not ipterfere with analysis,

Since the time*bétween“pictures varied from camera to camera,
and even varied in the same camera, split seéond timi g was wnfortunately
lost and dropped from analysis.f An‘estimate of a given person’s time-
spent-in-viewing however waé roughly approximated.

This initial analysis of the films, soﬁe 50 in all,was done by
the writer with at least one and sometimes three judges assisting
and offering comments or contradictions.' Judges were provided with
maps of the floor plan and told of the vis%a they would be viewing.
A1l were familiar with the interior of the building and no trouble was
encountered recognizing the exhibit area. Their task was to closely
examine the time-lapse photography and indicate the general movemenp
of people in, around, and through the exhibit-complex. The films were
vieved with a Bell & Howell Analyst projecter making possible various
viewing speeds, from stop~frame to normal. A frame counter allowed
for return checks to any point in the film. At the conclusion of a
given film, the judgments of crowd flow-~patterns were checked, and if‘
disagreement existed, anofher viewing was undertaken. Since this type
of viewing resvlts in considerable screen flashing,'frequent pauses
were necessary, making the job somewhat tedious. It is noteworthy that
remarkably similar flow-patterns were obta;ned.

At least threc times during the run of a film, the camera was
stopped and head-count of both total number of people in picture and

number of persons watching any given exhibit during an hour period was

-
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recorded. This was done typically at the beginning of the film, the
middle, and the end, unless unusual agtivity was noticed which required
further examination. The film was stopped at a given frame, five frames
later stopped again, and so on until fif?y frameé covering approximately
otie hour in time had been counted. The numbers were then averaged giv-
ing a mean count for persons in the.area and at any given exhibit in
view. This was again done in tﬁé hiddle and near the end of the film.
Tt was felt that the unreliabiiity of constant time between exposures
would provide a sufficiently random count, thus avoiding any pulsing
which might escape detection should it fall cénsistently on one of the
"between" frames. Disagreement on counts or averages was rare. It
must be acknowledged that, due to the general darkness of the building
an accurate count was impossible in héa%ily concentrated areas, even
with elevated lighting--but with time the judges could fairly well gsti—
mate how many people a given area.could contain. :
Perhaps the most meaningful anal&sis resulted with the use of
relative flow ratio, hereafterabthreviated as the RFR. Tt works as
follows: At any given choice point, a crowd of four or five people
would split, the majority moving in one direction, with one or two
going another. When head-count was made, attention was given to thez,
following ten frames or so, to determine which direction the persons
in view traveled. While the EOmparatively long time duration allowed
many to be out of sight by the following frame, some indication bf
main and subsidiary traffic patterns could Ee estimated. Thus, when
consensually validated, one might state that from Choice Point Z,
three went to the right?btwo to the left, in the "average group" of

—

five people.
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Major Influences on Crowd IFlow

A £ilm by film 2nalysis has been made and will be published
as part of a dissertavion. In the present repoft we shall confine
ourselves to the general traffic patterns and highlights of the
analysis, making specific comments only where necessary.

From the beginning many cpowd'fléﬁ patterns were obvious. Thesec
patterns depended not on sﬁecifi; exhibits, but rather on interplay
between exhitits. To ignore ﬁhese larger patterns, and concéntrate
only on single exhibits, is akin to not seeipg the forest for the
proverbial trees. The first part of this discussion, then'qoncerns
general patterns of crowd flow,

. There were several factors whicp influenced the probability that
an exhibit would be seen. Hall IV was.subject to a "pulse" effect,
resulting from the conclusion of the "4rip through Spéce" show in the
adjoining building. While many persons did enter at other times, at
2ll camera stabions this pulse counld be detected., Thus its influence
reached to the farthest corners of the bﬁilding, and was detectible
long after the crowd had left the Spacearium. Its significance is
not to be under-rated, for besides affecting the rabe of flow, it
affected the total fiow pattern and even the probability of a given
exhibit being viewed. |

Very early in film analysis, in fact on the first films, it was
noticed that persons entering the main doors, marked Entrance on
Figure 9:2, would view ﬁore leisurely the exhibits marked A' and §'
if a pulse was not in effect. Crowds entering here could choose

three avenues of travel, but seemingly the inertia of the pulse
pushed ‘them straight to and avound the Barrier marked AB.
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A map of the ins;de of the building was placed directly in
front of the entrance, but only during slack times was it ever con-
sulted. This proved also to be true of the aforementioned exhibits.
It thus appears that one of the variabléé affécting exhibit viewing
is sheer number of'people in the surroupd.

A second major influenge, affeéting crowd flow through the
entire hall, wassét;up by a single exhibit. While the investigators
expected some interaction from one exhibit to another, it was not
anticipated that main traffic patierns could be literally determined
by a single exhibit, or that crowd flow through one half of the
building would be dominated by. it. This>high1y influential exhibit
was the Satellite Tracking Station (exhlblt F in Figure 9:2), a
complex array of computers, oscilloscopes, and satellite models which
contained one further essential elemerit: a human narrator with a
microphone,

In an area designed to break up crowds and get rid of the "pulse"
effect of the space shoﬁ, here was an exhibit fairly early in the
building that attracted a large crowd and upon completion created the
pulse all over again. The film records show that time afier time
it would pull people .away from surrounding exhibi?s, and sometimeé
seemingly "prevent" some exhibits from being viewed. The investi-
gators havg no doubt that,with its removal,‘the entire course of the
main traffic pattern.would have been unmistakably altered.

A third major variable, and again one cauglng a pulse where
nonn was expected, was the experimeutal lahdratory(K in Figure 9: 2)

which, besides occupylngsrdqa.promlnent posmtlon in the building
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that it could not fall to be sezn, contained from three 1o six persons,
who periodically gave lectures to the croﬁds. The laboratory's influence
on the labtber half of the buildings exhibits cannot be over-stressed,
for here again it seemed to determine jusf what would be viewed in

the building.

The final major variable inflﬁénciﬁg crowd flow was the secticn
on the behavioral sciences kmarked 0 in Figure9:2), This section,
containing pigeons, monkeys and their mothers, baby chicks being
hatched, and salmon, was the only exhibit that achieved much notoriety
outside the Science Pavilicn, and many a guide was asked simply
"Where are the animals?". )

With the exception of the first ﬁayiable, the pulse from the
Spacearium, all major exhibits seemed to act as "landmarks." To
see" building IV meant to at least see these three exhibits, és tol
"see" Paris means to see the Eiffel tower and the Louvre. Once one
bas seen the Eiffel tower and the Louvre, then one can go on and
see other things, but it is impossible to "sée" Paris without seeing
them. Similarly, to see Building IV means to see these three
exhibits, and only later to see other things. In fact, there was
evidence that the monkey exhibit was a "landmark" for the entire
Science Pavilion, .

With these considerstions in mind, the main traffic pattern
gains considerable logic, for it is obviously influenced by the
three exhibits, as well as the main qulse" from Area ITI- the
Space show. It was deduced from the combining of all maps used by

the judges and was checked several times for consistency.
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Main Traffic Patterns

Figure 9:3 illustrates the main patterns of crowd flow. With
few exceptions, the majority of people entered the main entrance of
Hall IV. The majority went straight to the Barrier 23 s only ore in
ten taking avenue D. Relative*flow-ratio. (RFR) at this point was
most interesting, and varied coqgiderabiy, depending on whether the
person was in a main pulse. : Assum"mg he was, RFR for the point
showed that of 5 persons, threeb would enter B and two would enter C.
The number of people in area C varied, sometimes becoming too vhick
to count because of the size of the crowd exiting from the Spacearium,
Later films of the same area disclosed the '.early interaction of
surround variables and the necessity i:or integrating the film records.
The "pulsing! started about 10:30 am. ,ar‘zd continued at 20 minute
cycles duri‘ng the day, which coincficled with Spacearium showings,
During a pulse, Area B would finally fill-up (saturate), literally
blocking the path of persons at point A3 s and forcing them around
into C, 'bhus increasing the probability that this exhibit (on Diamonds)
would be viewed.

Flow arcund the Barrier, A3, was complex. Several film reco.rds
supported the conclusion that virtually all of persons leaving B
went to E, but also of the two persons in C, one of these would also
enter at point E, thus of the original 5, L 'weré now back together.

High angle photographic records determ;ned the following. The
persons in the surround would quit their exhibits and enter the
satellite tracking station area as soon as a lecture started. In fact,

unless a long wait was awticipate, most persons were there already.
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At point Fl, the majority were confronted with another "main
barrier which neatly divided them in tro; of four persons at point
Fl, 2 vould enter G and two would enter H. The two going to the

1.
"right", i.e., G, would invariably exit point G . Of the two persons

1

at point H, one would exit up through H™ to Cl, the other would exit

1

G, rejoining main traffic flow. And here is an excellent example

of missed exhibit~ virtually no one, no matter what his starting point,

nglgnggiynﬂi. Mahy angles on the same -area (films 14, 17, 18, 19,
23, etc.) revealed no one in the area H2, although investigators paid
special abtention to it. It was simply outside of the main and
secondary traffic flow and might just as wgll not have existed.

At point Gl, the long range effects of the Satellite tracking
station are most evident. Films 9, li,-l9 showed that a pulse from
the satellite station modified exiting behavior. When a lecture from
the Station had terminated, the main crowds would £ill area I, and
of five people, h.would exiv Il, one would exit 12 (up the stairs),
apparently the former offering a larger avenue of escapes. Bub when
a lecture had not recently finished, and the ;egular croud was me-
andering through, the split would Be more like fifty/fifty; if anything
a slignt tendency for more persons to go through 12- the opposite of
pulse behavior. The area itself is given only cursory attention by the
majority of viewers, average viewing time vsually being urder one
minute for the entire area.

Cameras viewing area J, disclosed about as many entered via Jl
as aown the stairs through 52. Head count showed the influence here
too of-ﬁhe pulse from the satellite tracking exhibit; i.e., when hit
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by the pulse, area J contained 15-20 people, but at other times it
averaged only 10. Since we know many more people were in the building
at the time, we could safely assume many, perhapg half, were bypassing
this area.

Whether from Il, or from area J, camera'placements 5, 10, 12, 13,
19 all demonstrate that persons then entered K-~the Biological
Laboratories. If a lecture was NGT ON,chey would exit to K (in
effect backing out) and continﬁe on to ﬁ. If a lecture WAS ON, or
would start in a mirute or two, their later exiting behavior grew
highly complex.

Duriné a lecture, the behavior of the crowds was quite difficult
to assess. To begin with, the exhibit was very large--the largest
single exhibit in the building. Furthe}mcre, the viewing area allowed
a considerable number of pecple to congregate. Since the laboratory
attendents were all young girls and the space was well lighted, eveﬁ
the appearence of the girls came into.play, the prettier girls drawing
larger crowds. - . N \

Secondly, the exhibit "stacked" considerably. That is, the size
of the exhibit permitted effective viewing by many people, the exhibif
averaging 4O per lecture. But .a curious finding resulted from close
scrutiny of the crowd behavior. When more beople stopped than the
exhibit would effectively "hold", ﬁhe back rows became quite mobile.
This complemented other displays in the area by leading the "excess"
peopla around the pe:iphery to another exhibit they could "have to

themselves. "
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Perhaps the .;nosil;-_ interesting finding was so subtle as to
escape detection in _\the first showings, although it was obviously
in operation.: The Judges noticed that some variable that they
couldn't ascertain influenced the c:rox-:d's"exiting from the biological
laboratory, someti‘mes breaking it in 'ha;if around both sides after
a lecture, sometimes pulling it to one side or the cther. After
several viewings (which shows the advantages of time-lapse films as
oppesed to in-person viewing) the cause became clear; the dispersing
direction was due to the location of the female lecturer at the end
of her talk. If she finished her lecture on the K* end of the lab,
the crowd filed out into area L. On the other hand, if she concluded
her lectnre abt the K2 end, they woulti tend to pass aroﬁnd that side
of the lab, - entering into area M. This even was apparent when the
lecture terminated in the middle of the lab, for then the crowd :
seemed to split itself fairly evenly, one half passing around one
side, the other moving just the opposite.

Such a curiously sublle effect, which ap‘parently- the lab
lecturers were not conscious of, shows how difficult and abstruse
the interrelationships between exhibits in a pavilion or museuxﬁ_ can
be. Area M, largely removed from the main crowd flow, could énter ;
into the "‘main stream" by the capricious de!:ision of a lecturer
when she ended her address.

In any event, t.he majority of persons returned to Area 1, either
through "backing out" to Kl, or entering the area through the "chute"
behind the lab- Ml. Occasionally a lab puls‘e would coincide with a

sgtellite pulse, thus ;jérhming areca L to capacity and driving persons
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in area .K s even when no lecture was in progress. Typically, crowds
split fairly evenly arov ' the nice exhiiait and et;'bered area 0 a
steady flow, ﬁut here aguin the in’éerplay of many factors could
operate, causing crowd flow diversion. If tho lab lecture ending
did coincide with ' a large pulse commg i‘rom anothex area, the
section marked 1,2 would sa’g.uz'a't,e _i‘lrst , followed quickly by Ll.

This would divert an unusue;lly large number into area N, which would
then en'ﬁer area O by route Nl. If the stacking became great,

area L would be completely blocked off,"forcing" persons into

area K. |

ﬁhabever their path, most persons eri;i:ered area 0 ab one time
or another. TFilms on the area (7, 1.11,' 15a) revealed such heavy
tra.ffic that movement in the area was often virtually halted. 1In
an area with relatively small display fronts, the appeal and/or |
reputation of the exhibits culminated in vast and continuous crowding,
and extremely co_mplex traffic analysis. Bi‘iefly, the major findings
are as follows: : !

If area L was blocked off, some persons would gain entrance to
area 0 through a rella'tive].y ignored exhibit, the salmon migration .
display - area L3. In the main, however, it appeared that this
exhibit was entered "backwards", éiue to heavy stacking in area O.

A 't.yp'ical view pattern was quite evident in area O, regardless
of whether the crowd entered from L P L2 s or N . The crowd "beéan"
its viewing at 0:L (the pigeons), crossed over the a:.sle to 02 (’the
live Cthku) » Stayed on the same side and viewed 03 (the live monkey

mothers and their oi‘fapzn l 0 (the surrogate mothers and their little

morkeys) ard then exited 0 . This was a most unfortunate viewing
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pattern. Excluding the pigeons and chicks, which could be entirely
viewed from one position, the sub-area 03 and Ob was designed to be
read just the opposilte way from the way the crowd entered, text and
explanation running from 05 to 04 o 03.- In faci, the whole wall of
displays made little sense when viewed any other way. While the
charm of the animals attractéd the greatest flow of people, only by
opposing the heavy stream of tr;ffic, could a person read the text of
the display and get {nformation from the exhibit. One might anticipate
that although the area was virtually saturated at all times, little
increment in knowledge was gained. '

Exit behavior from this érea, as shown on films 12 and 13, was

largely through exit 05

s BFR being h to 1 with 06. Here persons
were faced with the final decision, whibh again had a capricious
€lement. | X
\

To begin with, the entrance io Hall V was poorly marked, only :
gaining an inside sign during the second half of the Fair. Even so,
the sign was aimoét uUndetectible from any disﬁance. As a result,
in spite of a steady flow of persons into P, the ¢rowd did not
continue %o HalllV immediately, but rather meandered aimlessly.
Where they went next was partly a matter of chance. To their left
were four doors, In spite of the "Exit Only" signs on the other éide
of the door, and the "llo Exit" on one of the inside doors, the traffic
flow through the doorway was considerable. Persons would enter into
Area IV from the outside walk, or finding dﬁors leading apparently

from the Area, would exit to the pool area. Fach opening of the doors

resulted in a flash. This flash was due to the relatively bright

F)
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outside daylight reflecting off the buildingjs and pool and had the
effect of catching the eye of the meandering person in Area P,

drawing him to fhe doors. His exit in turn caused anothex flash

which drew other people, and so on. If no exiting was going on
through these doors (Pz); most of the persoﬁs sooner or later would
enter into Area V through the Qain'exi% Pl. But the distracting flash
caused by the doors occurréd frequently, thus pulling fully half of

the twenty or so persons usually in the area - RFR then being 50% either

exit.
Conclusions

It seems obvious that the kinds of d{splay interactions described
above were taking place throughout the entire building. Even with such
a quick analysis, the extremely complex relationship one exhibit will
have with another, or with severél others, seems quite clear. To .
assume, Or even expect, that design engineers could be aware of all
such interrelationships asks.too much of their profession. However,
in the sﬁccessful design of the interior of such a bullding, such

total patterning has overwhelming influence on how long an exhibit will

be viewed or even which exhibits will be seen and thus creates an

important, if heretofore ignored, variable. With further knowledge,
it seems probable that analysis can be removed from after-the-fact
interpretation to a more functional predictive status which would
greatly enhance the work pf désigners, and add to the body of science

as a whole.
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In Brief:

J. Crowd flow patterns throughout Hall IV were recorded with
time~lapse motion picture equipment; films were taken over a three
month period.

2. Each film was analyzed in tefms of general crowd flow move-
ment (an impressionistic judgementy, in terms of total people viewing
during three randbmly selectedihour'periods, and in terms of the
"relative flow ratio", showing the percentage of people choosing
each of the possible exits from a display.

3. Four variables appeared to influence crowd flow through the
‘entire Hall. lThese werz: {a) the pulse thch entered after each
showing of the Spacearium film, (b) the pulsing effects set up by
the schedule of demonstrations at the satellite tracking exhibit,
(c) the pulsing effects set up by the lectures at the biological
laboratory, and {d) the extreﬁe interest aroused by the animal
exhibits at the behavioral sciences section.

L. Analysis of crowd flow to specific éxhibits showed the
influence 6f the several pulsing effects; and further suggested
that more specific patterns of crowd flow are predicteble, but
motivated by subtle considerations. Faiiure to anticipate such
patterns can negate the educational effectiveness of individual

exhibits.
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Chapter X
GENERAL REACTIONS 10 THEE SCIENCE EXHIRIT:
A SMALL SURVEY AND ITS FINDINGS

Lynn Blackirell

The preceding pages have reported étudieé of large samples,
aimed at finding specific--but often very small--changes induced
by the Science Pavilion. The present chapter reports a much smsller
study, carried out October 17 and 19,.tb investigate the public's
nain over-all reactions to the Pavilion expérience. A sample of llh
respondents, picked at random as fhey left the Science Exhibit compiex,
were asked where they had been, wha£ fhey had seen, and what they
liked and disliked about the pavilion. Our qjmfwas not to find precise
percenteges for before-and-after comparisons, but rather to demarcate
the major kinds of experiences that people reported.

The Questions and the Sample

The questions are shown in Table 10:1. They were selected in

- part because we felt the need for further informatién which we haa

" nob been able to ascertain earlier., We had hoped, for instance,

that we might be able to trace crowd flow fhrcugh the entire Pavilion,
finding the time spent and the routes taken. Our resources being

limited, we were able to do this ounly in Hall IV, using time-lapse

e
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cameras. SUill, the crowd flow patterns throughout the rest of the
Pavilion were important too; in lieu of better methods, we decided
to ask a small sample of people where they had been, what they had

seen, and how long it took them.

Such questions have seYeral'obvious 1iﬁitations. They depend
on the' (often faulty) memory of respondents, rather than upon actual
cbservation. Fiases may operate; it is likely, for instance, that
people will over-estimate the time they spent in the Pavilion—-an
effact reported to us by Heiss and Boutourline. Fren s, thé data
serve to glve é rough idea of what happensad.

Other questions were nsed which aéked specifically about Hall IV:
whether the respondent had visited it, how much time he hed spent, and
whet he thought to be its "maip purpose.' Hall IV was ostensibly .
designed to shcw the methods of science, as ‘they were used to solve
important questions. As our mein interviewing progressed, we had bugun
to wonder whetﬁer people.astually learned abou% the scientific method
from specifié displays, and whether the general purpose of the hall was

ven apparent. The main survey would give us the data to see whether
pecple actually developed a bebter understanding of the scientific
.method; but it also seenmed worﬁhwhile to see hcy many people realized
that this was the underlying theme of Hall,Iﬁ.

S5till other quesﬁions attempted %o pfobe more direptly into what

people felt sbout the exhibits, and about the Science Pavilion.

l. Robert S. Weiss, Brandsis University, and Serge Poutourlire, Echibit
Research, also were engaged in research at the Seattle World's Falr,
sponscred by. IBM.
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Tahle 10:1
Questions Asked in Small Survey
Is this your first day abt the fair? (If not) How meny days have
you spent hers?

If you had never been here bc.fore and Just had two hours to spend
at the fair, what do you think you would go to gee?

Is this your first visit to the Science Pavilion or have you been
here before? (If before) How many times?

What did you see on this visit?

Do you reczll how much time you sperrb in the Science Pavilion

o this v1s1t'f‘

Yere you able to spend some time in Area L?  About how long?

Yhat do you think is the main purfvos’e of this area?

Fine. Now for a more general question. Whal is your over-all
impression of the Science Pavilion?

Is there anything in the S'cn.ence Pavilion that you'd like to
come back to see if you had time?

Is there anything else that you parblcularl,; liked about the
Science Pavilion?

And what did you like least about the Science Pavilion?
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One item ("If you had never been here before and just had two
hours to spend at the fair, what do you think you would go to see?")
tried to find the relative importance of the Sci.et}ce Exhibit to the
tobal Falr experience. | |

Interviews were held on the exit wa].k-wajr, respondents being
randomly selected as they left tll}e ai'e'a." Interviews were conducted
in part by Lynn Blackwell, o:f the project staff, and parily by
volunteer student assistants.2

One limitation on thése findings needsto be mentioned. Since
this survey was conducted in the last week of the fair, the crowd
reactions and composition may have been unusual. Since it was then
known to the public that the Science P"avilion was to remain open
after the fair, this may have affected 1:,he amount of time spent in
the Pavilion, how much was seen, and how much of the total Fair visit

~

was spent there.

Results:
The general conclusions from the survey are again reported as a
geries of propositions,

Proposition 10:1 Patterns of crowd flow were exceedingly varied,

the minority of resvondents seeing the tobal Pavilion.

One qﬁestion asked: 'What did you see on this visit?" Table 10:2
" shows that there was no specific route taken through the Science

Pavilion bjr the maj.or'ity of visitors. Rather, a typical tour might

2. Ve wish to expreés oour appreciation to Miss Gretchen Hoytl,
Miss Stephanie Kelly and Miss Allison Jensen for their help on
" this task. S :

M
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begin almost anywhere in the Pavilion and perhaps include only one

or two buildings.
Teble 10:2

Travel Patterns in Pavilion

A1l of Science Pavilion 35%
All except Hall I 119
Don't know or no response _ 17%
Second half (Areas IV and V) : 6%
First half (4reas I, II and III) 5%

Other routes besides those shown in Tfable 10:2 were reported by smaller

numbers‘ of persons who shkipped Hall IIi » Halls I and ITI, or Hall V.

Five per cent mentioned seeing 'blje Science Theatre and one person \
reported that she had come oﬁly'-t.o si1_: in the court and wétch the
fountains, apparently a reguiar pilgrimage i‘o.:r her.

A problem which seemed dii‘ficqlt to avoid was the suggestion of
answers to the respondeﬁ'b while trying to identify where he had been
in the Pavilion. The emergi-ng visitor was typically quite tired and
very uncertain as to whether he had been through ore s 8ix or sixteen
buildings in the course of his tour (note the high "don't know" '.

- response). Attempts to clarify hié recollection may have markedly

influenced his answer.
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Proposition 10:2. Relabive 1o iis complexity, Little time was spent

at the Pavilion bv the tvpical wisibou.

sl

"Do you recall how much tine ycu spent in the Science Pavilion on

this visit?" This question produced the responses shown in Table 10:3.

Table 10:3‘

"Time Spent in Pavilion

One-half to one hour 159
One to two hours - 38%

More than two hours 17%

Although eighty-three per cent spent up to two hours in the Pavilion,
more than half that number spent one ﬁohr or less, certainly not

enough time to have absorbed many of its complex offerings., Time

kY
Ay

reported ranged from one-half to four hours.

Proposition 10:3 Reactions 1o the Science Pavilion vere sitrongly

s raar

favorable, but marked by considerable vasueness.
' 1

The following question was asked: 'What is your over-all impres-

sion of the Science Pavilion?" As represented in Table 10:4, the average
person had few specific comments to make. It should be pointed oud
Table 10:4
Ovef-all Iﬁpression of Sciencé Pavilion

Favorable ("wonderful, very good,
beutiful, awe-inspiring") 894

Neutral or unfavorable ("can't .
understand it, too congested") 165

*
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that asking questions about the Science Pavilion within its grounds
might well have given us many more favorable comments than would
have been the case had we asked the question elsewhere. A further

breakdown of the "favorable" comments is shown in Table 10:5.

Table 10:5
"Favorable" Comments About Science Pavilion
General approval {"Wonderful, very good") 61%
Mentioned Beauly or Architecture | g1y

Expression of awe {overwhelming, breathtaking) L%

Example of some specific comments: %It will interest younger
people in science;™ “Helps to associate science with the common
'person, brings them closer to science, encourages parents to give

children science background."” . "

AN

Proposition 10:l  Svecific favorable comments, tended to centar

around the two motion pictures (Hall I, "House of Sciense;™ Hall IIT,

“Spacearium®), the architecture, and Hall IV.

Asked was: "Is there anything in the Science Pavilion that you'd,

like to come back 1o see if you had time?" Responses are shown in
Teble 10:6. Also mentioned were the Science Theatre, Hall II, the
Pavilion buildings, the computer exhibit in Hall II, and the animal

exhibils in Hall IV. Several persons wished.to spenﬁzmore tine on

their next visit.




~15}~- ISR:63-5
. Table 10:6

What Visitors Would Come Back o See in Science Pavilion

All of Science Pavilion ) 329
Would not come back = 13%
' Hall TIT (Spacegrium) 114
Hall Iv. - 87

Hall I (House of Science Filwm) I%

A second question asked: "Is there anything else that you
particularly liked about the Science Pavilion?" Table 10:7 shous
the responses to this question.

Table 10:7

Anythinnglse Visitors Particularly
Liked About Science Pavilion

Nothing else . 19%
Pavilion Buildings . 163
411 of Science Pavilion L 15%
Héll III (Spacearium) ' 12%
Hall I (House of Science film) 7%
Hall II hi
Hell IV ' L
Animal exhibits in Hall TV L7

Isolated comments singled out the Science Theafre, the Tllusion

Remp, narration in the Biological Laboratory, and Hall V.
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Pronosition 10:5 Specific negative comments tended to gonter around

the displeve, as being too difficult, and around the crowded conditions

of viewing,
The question asked here was: "And whab did you like least about
the-Science Pavilion?" Although nearly half found no éomplaints, the

rest cited specific problems as shown in Table 10:8. Isclated responses

Table 10:8

What Visitors Liked Least About Science Pavilion

Nothing liked least ' 482
Could not understand ever, thing 147
. Too crowded and rushed . 6%
Waiting in lire - Y

to this question included Hall V itself, its lighting and its revol%ing
- Tamp; sitting on the floor; not énough demonstration; too much walking;
couldn't hear everything (in one case with specific reference to the
narration of the Spacearium); too superficialg open to weather; not
allowed in cﬁildren's area; too complicated in arrangement. Some
comments centered on peréona14dislikes: seeing animals used in such
circumstances, watching dissection in the biological laboratory, "don't

care about this space business."
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Proposition 10:6 The tvpical visitor spent relativelv little time

Swites AR Sabiee A=}

Ball IV: Few people saw it as communicatine anvthing about the

In response fo the question, "Were you able to spend some time
in Hall IV? About how long?", over half of tﬁe visitors reported
that they had spent no more thangnejhalfahour in Hall IV, a time
certainly inadequate to inve;tigate its complexities. These

responses are shown in Table 10:9.

Table 10:9
Time Spent in Hall Iv .
Did not go through Hall Iﬁ 23%
Walked through (five to tén mimubes) 15%
Fifteen to thirty minutes L74

More than thirty mimutes 8%

The second question asked; "What do‘you think is the main purpose
. of this Hall?" It brought the response shown in Table 10:10. The
category titled "Educational" includes such things as, "to show how
Table 10:10

Perception of Main Purpose of Hall IV

Did not go through Hall IV 23%
How animals learn or are trained - 15%
. Educational 199

Frogress or Method Of Science - 13%
(Specific mention of Method) ﬁ%
(74

Don't know
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life is," tyhat makes people tick,? "make you think" as well as the
actual response of "educational." ;.‘he "Progress or Method of Science"
category includes comments on the future of science, how it works, and
its present progress. As shouwn in Table .10::10 responses which specif-
ically mention the scientific method or experimental work (example:
"shows how we are gaining our knowledge';) were limited to four per cent.
A wealt?h of interesting comxrfants‘wére gathered: "to show learning process,."
"insight in children's behavior;' "to show fingers of science céming i
together to form the hand," "awaken people to wonder of science."

Again the problem of suggesting ansﬁers t.o the respondent must
be considered. Most of those interviewed did not identify Hail Ivby
ény such label. Even pointing ‘to the building, recalling the "room
with all the displays" or "the area foliowihg the Spacearium" did not
always bring recollection. Sometimes i_t was necessary to describe .
Hall IV as the place where the biological laboratory or the animal
exhibits were. At that point recognition began and the interviewer
then emphasized that she was interested in the purpose of the total
area, not of specific exhibits.

Proposition 10:7 The Pavilion was mosth 11ke1 to be visited

¢-—~—-

during the first or second trip to the Fair. Even repeat wvisitors to
the Fair were likelv to see the Science Pavilion onlv once or fwice.

ck

The following questions were asked: "Is this your first day at
the Fair? (If not) How many days have you spent here?" "Is this your
first visit to the Science Pavilion or have you been here before?

(If before) How many times?" Replies are shown in Table 10:11.
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Table 10:11 .
Days Spent at Fair and abt Science Pavilion

Day at the Fair Day at the Pavilion

First Day Mg 708
Second Day 2L | ' 224
Third Day ' 0% . - L
Fourth Day : r?% ‘ . 1%

Fifth or more 16% 3%

Sixty-eight per cent of the sample were in their first or second day

at the Feir. That the Science Pavilion tends to be seen only .once is
strongly suggested by the figures, the 1afée Majdrity (70 per cent)

of visitors seeing it for the first tiﬁeJ even though many more could
have made two or more visits. That thirty-two per cent of the sample .
had enterec the Fair three or more. times may reflect the many lccal
visitqrs. No item asked the respondent's residence, bub pertinent data
is available from the main study, and by examination of the sample
obtained during this last week of the Fair we hay be able to estimate
the proportibn of local visitors in our sample.

Proposition 10:8 The Science Favilion was rated sbove other

Fairground attractions by the majority of Fair visitors.

In order to determine if the Science Pavilion was a. 'must see"
exhibit at the Fair, respondents were asked:‘ "Lf you had never been here
before and just had two hours to spend at the Fair, what do you think
jou would go to see?n This question, posed as it.was iﬁ the Science
_Pavilion, probably drew rather biased answersy subjects perhaps being

willing to give the répiy they felt the interviever wanted.
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Fifty-nine per cent of those‘interviewed said they would visit the
Science Pavilion first. TFourtsen per cenﬁ felt there would not be
time to see anything, didn't know what they would see, or gave no
response to this question. The remainder of the subjects cited a
scattered group of -other attractions: ‘the moét frequently mentioned
being the Space Needle, the Creat gritaiﬁ exhibit, the NASA exhibit,
the World of Tomorrow and thé Fpod Circus.

Conelusion

While being dependent upon the use of recall, details of the
visifors tour through the Pavilion relate.well to observations made
by the fesearch group while working at theﬂfavilion. The most common
travel patterns reported correlate well with those observed in an
unsystematic manner during the Fair. The time estimgtes seem reasonéble
also; Pavilion officials said that the entire tour of the Pavilion'\
took from two to three hours. Visitors who became tired toward fhe
end of their tour no doubt sped through these portions of it.

An educational scientific exhibit is its€lf a little ou£ of
context in the atmosphere of a Fair. It is likely that those who peruse
its contents have not totally left the fair atmosphere behind them; in
fact, they are performing a necessary pilgrimage of their fair trip.
But they teﬁd not to come in with a studious attitgde; rather, they
wish entertaimment. It is not difficult to visualize a Pavilion
visitor who goes through the whole exhibit, only looking at what
happens to catch his eye, réading very little, listening to one or
two talks and coming out with little more than he went in with - except

a véfy pleasant feeling“abpqy the wﬁole thing, a feeling aided by its
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architectural s;tting. This may be the operating factor in many
questions: the respondent.says that "“the Pavilion is cerbainly
wonderful," that he would "come back to see it all," that he'disliked
nothing." The feeling is very friendly'ahd approving, but without
any specific referrent other than the whole Pévilion.

Early in the project it was:sgggesfed that the Pavilion visit
might be "akin to a religiogé egperience" to many of the visitors.l if
50, we would expect many to comﬁent on the "awe inspiring" nature of
the Science Exhibit. Few did.

Of the specific things which were mentioned favorably, the films
seem Lo have been more impressive than theﬂéther displays, since the
two quite different motion pictures we?g mentioned more often than
anything else.

The specific criticisms mentioned by our respondents were not
uncommonly cited in the newspapers: .difficulty in understanding exhibity,
the overcrowding in certain afeas of the Pavilion,‘and the long wait-
ing lines to get into the first hall. '

The purpose of Hall IV seemed only fuzzily perceived by the
average visitor. Several factors may operate here. If the visitor
followed the typical tour coming straight through the Pavilion from the
beginning, he was apt to be quite tired by the time he arrived at -
Hall IV. This would partially account for the shortness of his stay
in the area. Also, the message of Hall IV was to be gained only by

o reading, and mainly by reading the opening panéls. It was generally not
reiterated with each display. Such spotty reading as the average

visitor did probably gave him little chance to catch the message.
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In Brief:

1. Patterns of crowd flow were exceedingly varied; only the
minority of respondents saw the total Pavilion.

2. Relative to its compiexiﬁy, thé'typical vigitor spent little
time at the Pavilion.

3. Reactlons to the Sciencé Pavilion were strongly favorable,
but marked by considerable vagueness.

L. Specific favorable comments tended to center around the two
motion pictures (Hall I, "House of Science": Hall ITI, "Spacearium"),
the Pavilion architecture, and Hall IV.

A 5. Specific negative comments tended to center sround the
displays, as beingtoo difficﬁlt; and afound the crowded conditiéns of
viewing.

6. The typical visitor spent relatively little time in Hall iV:
fewipeople saw it as comﬁunicating anything about the methods of
sgience.

\ :
vigsited during the first

7. The Pavilion.was most likely to be
or second trip to the Fair. Even repeat visitors to the Fair were
likely to see the Science Pavilion only once or twice.

8. The Science Pavilion was rated above other fairground

- attractions by the majority of those interviewed.
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CHAPIER XI
ON THE PSYCHOLOGY OF EXHTBIT DESIGHN

During these past months of work with the Federal Science
Parrilion, we have come to a few tentabive conciusions about exhibit
design, and about the task which confronts’fhe designer. Here I
shall record our preliminary * ﬂlnklng. Although what follows draws
uponr the results reported in Chapters I to X, it goes beyond them;
it tries to give a general framework within which the specific find-.
ings may be viewed.

From a designer's viewpoiht, many things thal happened at the
Pavilion were unexpected. The erowd was better educated, and tech~
nically more sophisticated, than had been assumed. The crowd flow
patterns throughout the Pavilion were much different; people did not
go straight through the complex, taking the buildings in orderly

sequence; they instead followed a variety of routes. .Again, specific

# The discussion which follows draws on a variety of sources. Three
people have been .especially influential. It owes a special debt to
Dr. A. E. Parr, of the American Museum of Natural History, who has
served this project as consulbant and mentor. I would also like to
express my appreciation to Dr. kobert Weiss and Serge Boutourline,
many of whose insightful comments on the Fair-going experience are
reflected here. Mr. Nederkorn has kindly reviewed an earlier version
of this chapter; the present drait incorporates mary of his sugges-
tions and criticisims.
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design variables emerged as less important than the total gestald
of exhibits. This is most dramatically shown in Hall IV, where the
Placement of "landmark" displays influenced the viewing patterns for
the entire building. Ouf results also suggest that the designers
may somebimes communicate things which were ﬁot intended; and perhaps
not wanted. In order to "make §ensé" Af.these and the many other
findings,.the following pro%ositions are suggestedi

1. People who go to an exhibit hall or a museum do not gé to
see single exhibits. They go instead to experience the exhibition
as a whole. They are most interested in seeing displays they have
heard about before; displays which are unuéﬁally impreésive or news-
worthy or emotionally appealing. The,"bigh points" stand out in4their
minds and in their descriptions. The rest of the experience is sub~
sidigry to such landmark events. , They.tend to glance at othér exhipits
and move away. In some situations they would find it impossible to
' sfop and peruse the other diéplays in detail; crowd pressures push
them aloﬁg. '
| 2. People experience each exhibit as a small part of their
total viewing experience. Going through an exhibit hall is a process,
Just as viewing a movie is a process. The spectator walks past this
display, then that one, observes still another. In.a movie the film
moves from scene to scene; in a display hall the audience moves from
scene to scene. The audience watches a film, not as a series of un-~
related scenes, bub rather és a total experience which is more than
a collection of discrete images. Rach scene in a f£ilm, each shot,

builds upon and enriches the ones that preceded it. Similarly,
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moving through a series ol displays produces a total impression on an
audience, an over-all and cumulative experience., Each display inter-
acts with those viewed before and those viewed after.

These considerations, when they arg.pointed'out, may seem trivial
and obvious. Yet ;t seems to me that théy have profound implications
for exhibil design. They suggest thét the designer is not creating a
static display,'but rather is tékihg part in a process ~ a process in
in a sequence, must govern the design of any specific display.

This, in its implications, may be contrasted with another approach
to exhibit design. 7The second appyoaqh in my ruminations, I have
come to call the "static orientation.

A designer with the staﬁic appro;ch creates his display as an
artist creates a picture. In his mind's eye he sees a spectator who
approaches his work and says,'"Wh;t a fine display this is! So ‘
beautifull So informative! Truly the artist who created this deserves
a Design Award!" The display is conceiyed as a static object. The
observer too is static; he stands mute before the display and drinks
it in with his eyes, as if viewing a picture at the Guggenheim.

Perhaps the distinction between these two-—-the static and.the
process approach--will be clarified by considering an analogy with
motion pictures. What would happen if a film—makér.thought of hié
task in static terms? He would undoubtedly decide that his movie--
his"exhibition"~-shou1d’have a coordinating.theme. He would further
decree ‘that each irame of his film should be esthetically pleasing,

and that the lighting and color should be dramatic and approprlate.

And then he woula proceed with the filming.
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The result weuld be atrocious. A montage of vaguely-related
images would confront the audience. Scenes which would make serse
if presented in the right order would bg'out of sequence, and.so
meaningless. Pages of complex script, requiring ten minutes to read,
would be flashed on the screen for thifty seconds, There would be
no rhythm, no drama. There:wouid.be no plamed movement from long to
short scenes, no aﬁtempt ‘o coﬁmunicate mood through variations in
lighting, It would be -~ to paraphrase William James == "a blooming,
buzzing confusion.” |

Yet is this so much different.than designing exﬁibits withoub
plaming tﬁe rhythin and timing of crowd flow? Without taking account
of the sequence in which displays are'séen? Without considering the
amount of V1ewang time available for each exhibit? And are displays
in such a hall not apt to result also in "g blooming, buzzing confuswon°'

It is perhaps clear fro& the above what I mean by a "stabic”
epproach to design--it is one which takes no account of the time
dimension, or the total complexity of the viewers' experience. And.
it should be equaily clear what is meent by the process approach -~ it

is one which deals with time as a major varameter of exhibit design,

and works within the complex framework of the total 9xhibition experi-
_ence.

Here let me be a bit unkind, and iliustrate this abstract discus-
sion with some painfully concrete examples.. The emphasis will be on
the limitabions of the "static" approach to design. Bub before I
begin, two things neea,tg be said. The first--that the critical tone

of the following remarks shéﬁld not imply that the exhibits were "bad"
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or that the Pavilion "failed." On the conbrary, the individual
dispiays were most excellentz.pleasing to tﬁe eye, dramatic, in-
formative. But future progress depends on an é.ﬁétlysis of past
erroré, rather than on self-congr;tulatibns for partial success.
Criticism is more Qaluable than pra;se if it suggests new solutions;
and this I haye tried to do,

Sécondly, all of us associated with the Pavilion were aware of
how much the exhibition design was a matter of commitiee decision,
of last minute emergencies, ofAimprovisation,'and rushing deadlihes.
So vwhen I point to the limitations of the "static" approach, 1 also
know that certain flaws came, not froﬁ lack of design knowledge, but
rvather from the hectic conditions govérning the Science Pavilion's
development. The remarks to féllow are concerned only with the
ultimate outcome, and not the complex processes which led to that
outcome. And, of course, these remarks are not all appropriate to
other kinds ofexhibitions--musewws, galleries, etec. There the prob-
lems differ, and gestait effects may be ﬁot éo marked.

Iet us, then, consider Area II: it providing an eépecially
varied group of e#hibits and problems. The crowd-flow space might
be diagrammed as shown on the next page. The diagram is not a floor
Plan; rather it shows the 2rowd behavior in‘a schematic form. Crowd
blockage~~areas vwhere the crowd did not move--arve indicated by dense
clusters of "x" mafké. Areas of constant flow under pressure are

indicated by arrouws.
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Vhat does it show? Let us exaxﬁine it i_n more detail. The
crowd emerging from the House of S¢ience film was confronted with
exhibit material--large photographic panels. There was lightning,
a volcano in eruption, an autumn scene, all,l denoting sources of
curios;i.ty aboul the na’uﬁral world., The basic notion was quickly
. grasped, just by gllancing at each display. "This in an area where
peoplé somebimes w.ai‘c.ed six minubes before entering the crowded

ramp. The effect was like that given by a dragging movie scene,

stretched out interminably.
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Then to the illusion ramp, where the crowd was in constant
flow, without time to. stop and read. llere vwere exhibits which
demanded concentration. Their basic message was. complex--that
science must distrust the unaided sense's; and go beyond everyday
observa‘c-j.on. Yet for this message, whi"ch demnanded time to assimilate,
no time was avilable; the c.rowd,.:[‘Z.Lo{'Jed .past like a tumbling stream.

Still on the ramp, the. viewers were faced with a m.ovie about
sound and hearing., There was no chance to stop and watch it. They
went on,

Followed an area which alloved a more systematic study of exhibits
One crowd block developed arcund a computér in opera-bion, where a human
demonstrator gave a brief lecture. The people watching this demon~
stration acted like a cork in a bottle, keeping the rest of the
crowd from.passing by. The placement of this display also broke
the continuity of several other exhibits~-the crowd stood in front
of other pertinent réadi.ng matter,

Past this blocked arvea there was more freedom of movement , and
ons could s;c.ud:,* other displays in sequence. It was apparent, however,
that few people were pausing long before any single panel or display;
certainly nobt long encugh to absorb its information. When the crowd
members were free tu control their own time s they seldom spent more
than 30 reconds with any exhibit, .

élockage again davelope'd in front of the Darwin jungle scene.

Here there was more display material to read, but it was .so placed

that one could not stand in line and at _the ‘'same_time study other

exhibits. The Jungle sEenes., themselves we.re quickly grasped. But
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the explanatory text-~the point of the whole exhibit~-was Ffound
immediately upon leaving the scene, at a spot where few people
could possibly stop long enough to read it.

Finally, the crowd stood sometimes ﬁor 20 minutes or more'and
waited for the Spacearium to open., There were no displays to watch,
nothing to do; they waited in a black and 111-1ighted space where
the crowd press was often so'greét'that they could not even escape
out a side exit.

It is apparent thut the patterns of crowd flow were of crucial
importance in the exnibit-going experiencé. The crowd governed all,
After the Fair was over, I wandered through'ﬁrea IT aﬁ my own pace,
standing before the displays which attracted me, dawdling on the
illusion ramp, spending an enjoyable théee hours, But then I could
treat each display as a static thing in itself, During the Fair
each display was influenced by the timing of the crowd flow. The
designers' neglect of crowd movement destroyed much of the impact
of the individval exhibits. . :

What might a designer with a "process" orientation have dqne?
Let us assume that the same basic floor plan was used. A considera-
tion of the crowd f£low would have led to a much changed sequence of
displays. Areas of maximum crowd blockage would call for‘displays
which gave much information, and with as much general appeal as
possible. A somewhat revised movie on sound and hearing, for in-
stance, might have been shown before the entrance to the illusion
ramp. The "moral" of the illusion rahp might have been illusirzabed

and underlined. The exhibits on cwriosity might have been made more

L
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complex., and arranged so thal they could be viewed while walting o
go onto the ramp. Quite otherwise with the displays on the ramp
itself; they would have been designed so as to be‘quickly perceived,
their ﬁessage grasped in seconds. Once pést the ramp, in the area
allowing a free choﬁce of exhibits, the design task would have been
differentl& approached. Each paﬁel would have had an "establishing
sentence" to show the theme of the display. This could be read in
three seconds or so. If the viewer was intrigued by the headline,
he could pause and find a longer--but still short--lead paragraph
or image vhich communicated the main idea. If still curious, he
could then study the more caompléx parts of the display. And, of
course, "live" demonstrations would be'placed so that they created
no accidental bottlénecks.

Again, complex displays would have been placed at the next
area of crowd stoppage, before the Darwin Jungle scene. A brief
£ilm on Darwin's work would have been helpful.‘ In any event, thé.
explanatory material would have been placed where it could be easily
seen; so as to give substance and meaning to the simulated jpngle.

Similar considerations would have governed displays in the
Spacearium waiting area. Here, in fact, a live demonstrator would
have been appropriale: scmeone who discussed the historical basis
of scientific cosmology.

I am no designér; a professional would ﬁndoubtedly develop far
more creative exhibits than are suggested here. But the main princi~
ples would remain. Areas of constant crowd Tlow wovld have terse,

quickly grasped displays. Afess of crowd stoppage would have more
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complex exhibits, pitched to a general avdience. Areas of varizble
crowd flow, allowing for free cholce of exhibits, would have displays
vwhich could be taken on the run, or perused at leisure. Whatever the
specific design of an exhibit, it; Easic,nature would be set by the
crowd flow, |

In brief--to the process-oriented designer; the most basic design
parameter is the pattern of. crowd £low.

Exhibit Interaction

This discussion so far hés dealt mainly with crowd flow as a
process, ang the difficulties which result when its effects are over-
looked, But this is only half of @he story. Viewing an exhibition is
a total experience, occurring through_time. Displays interact with
each other: the first exhibit of a séduence inflvences the way in
which later exhibits are seen., One can set up ceriain principles,
certain gpuide lines, which describe this interaction. These too ave
important to the process-oriented designer.

In what fcllows I shall be talking aboub displav sequence. The
! t

rules I shall suggest are derived from the findings of perceptual
and cognitive psychology. They are illustrated with examples from
the theatre, music, and poetry--all arts wﬁich depend on a sequence
for their effect.

The first rule--learning and perception occur within a more

general framework of understanding. Consider what happens when one

is confronted with an unfamiliar type of music. At Tirst all seems

.

confusion, Bubt gradually the listener becomss aware of certain themes,

of certain recurwing-rhythms. 4 general structure emerges. The

LR

.
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listener "gets the ideas." Having an over-all "map" of the music in
his head, he then begins to notice variations on themes, begins to
notice more subtle changeé in rh'ythm.‘ In psychological terns, he
forms a general gestalt, and then proceeds to finer discriminations.

The second principle--communicabion is.easier when a message

can be clearly discriminated from other ;nességes. A black dot' on

a white page is more ezsily 'see?l than a black dob surrounded by

gray dots. A musical stanza is more obvicus if it be markedly differ-
ent from the stanzas which surround it. The effect of tragedy is
heightened if flashes of humor are introduced. In all of these cases
contrast increases effectiveness. In ps:,rcﬂélogical 'bei'ms, the greater
the difference between figure and grou,hd s the more easily a gestalt

is formed.

A third principle is less well established, but of considerablé,‘

importance. It is this--tha® within limits, the observer's activity

in perceiving adds to the impact of the cemmunication. In poetry,

for instance, we speak of "freshness of imagery;" this means that
the words are put together in novel ways, yet communicate. The

reader is forced to make an effort to perceive the message; the effort

in itself heightens the effect. An example~-not from poetry but from
folk-language: "He has the kind of face that would scare the flies
off a gut wagon." This has the same objec‘oi{re neaning és "He has

an exceedingly ugly face." Yet, the former has much greater impact,
an impact which comes mainly from the effort of combining discordant

verbal elements into a single gestalt.
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Painting, at least since the Byzantine perfed, jllusirates the
same principle. The.history of art may be viewed a&s a never~ending
attempt to make new perceptuzl demands upon the viewer, forecing him
to construct a fresh gestalt from'unfamiliar élements. Thua the
Ttalian venaissancé introduced new compositional schemes; the
illusionistic effects of vanishingrﬁoint perspective were adopted;
the Baroque broke the picture surface into unew elements by the play
of light and shadow; geure painting was introduced; and so on. Psycho~
logically, what is important here is not thab "technical diffiéulties"
were overcome; or that painters solved the problems of representing

three~dimensicnal space on a two dimensional surface. Rather it is

‘that the imnovation added a fresh impact, foreing the viewer into a

new perceptual effort and so producing a sense of heightened recog-
nition, . : \
A subsidiary principle rhould also be cited--that the achieve-

ment of a gestalb is itself satisfying, and its lack aggravating.

Two examples--the man who lies awake waiting for his neighbor to drop
the second shoes and the feeling of dissabisfaction when & musical
chord is not resolved. Recent wérk on "cognitive dissonance! seems
to me illustrative of the same principle. In all these cases, failure

te form a gesbalt produces a feeling of incompleteness.
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To summarize--four psychological principles seem to me of crucial
importance in understanding the effects of display sequence. They are:

1. Perception proceeds by forming increasiﬁgly finer discrimi-
nations on the basis of a more general gestalt.

2., The greater the contrast between a stimulus and the surround-
ing field, the more easily a discrimination will be formed.

3. Within limits, the.greétdr the observers' activity in forming
. a percepb, the greater the impact and "immediacy" of that
percept, ‘

. People feel a sense of dissatisfaction when they are unable
to form a gestall, and are pleased when they can.

As general shatements these are fairly abstract; in the next few pages
I shall attempt to show their applicationvfo the concrete problems of
exhibit design in the Science Pavilion.

Principle 1 Perception proceeds from a general framework to

inereasingly finer discrimination.

We must distinguish here betw ¢n the general cognitive framework
which governs the designer, énd that which is perceived by the viewer.
The example of Hall IV ﬁas been cited earlier. As noved in Chapter X.
few people were_able to state even thé major theme of the exhibit thexa,
In Hall II also, the basic themes were well spelled out. The viewer
was to emerge from the "House of Science" f51m and be confronted by

displays illustrating the sources of man's curiosity; from there he

- was to walk down a ramp showing the limitalions of man's senses in

satisfying his curiosity; and at the foot of the ramp were demonstraied
some of the instruments man uses to extend his senses. The rest of
Arca II was devoted to science and its historic development. Thus

the section on matheﬁatics“§tarted with the primitive concept of

number, progressing from there to a demonstration of the I.B.M.



=175~ ISR:63~5

comuuter. The section on biology started with Darwin's work and took
the viewer through classical genetics to the recent studies of the
structure of DNA. The final secition befo?e the Spacearium dealt with
cosmology, beginning with the Ptoiemaic‘éjstem and proceeding to a
"popularization" of Einstein's general theory of relativity. A sequence
of displays was obvious--to the designer, It was perhaps not as obvious
to the viewer.

From the viewér‘s point of view, he passed from the "House of
Science" film and found himself in a hall with a number of striking
photographs and unique sound effects. After waiting much too long he
filed down a ramp, viewing several iliusions and a tilted town.which
made him (sometimes) feel out~of~balaﬁce. Off the ramp he wandered
past a plethora of displays until he arrived at the Spacearium--where
he waited in line again. Mahy of the displays were striking; but |
our observations suggest that a few péople saw them as zn historical
sequence. Thelr reactions were either at a very general level, or
else were focused on specific exhibits. '

The viewing experience apparently gave the audience little in the
way of a general cognitive framerrk. Yet this was not an inevitable
lack., As an illustratioﬁ of another approach--one very sensitive to
the need for é gcneralizing framework~~let us turn again to the analogy
of the documentory film. Imagine that one was making a film showing
that science procedes from curiosity, that man's senses are limited
in satisfying his curiosity, and that he must devise special instru-
‘ments if he is to extend the range and aécuracy of his senses., The

f£ilm maker might use maﬁy of the images addpted by the designers in
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Areg IT. Bul the images would not rest alohe. Instead, the director

would meke very sure that each scens added some information to the

over—all message.
points, Example:

Visual

-~

He wonld nol hesitate to drive home the important

. (narrator)

Fade out (from scientists at
work) to

Lightning flash

Moon in phases

Gull in flight
(swing pan to)
Child® wabching gull in flight,

open mouthed,

Child running,

pretending to
fly, ' :

"Muller-Iyer Illusion
Raler placed over illusion

Close up of ruler numbers

o - "Etc .

What are the roots of science?
What is its source?

In a single word -~ curiosity.

(varied voices)
What cauwses the lightning flash?

Why does the moon dwindle and grow
large?

Seagulls ~~ how do they fly?

(narrator)

. Curiosity. N

But to answer questions,
Curiosilty is not enough.
Observation' is needed. . .
Careful,‘painstaking, acecuvate. ., .
And man's senses are limited.

He can be fooled.

Length caﬁ be misleading.

Look at theseé lines -~ which one
is longer?

The one at the right? No. Both
are_the same

Precise measurcment is the first step
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In spite of ite amateurishness, this brief script illustrates the
way in which a film piaces eaéh image within a larger framework of
communication. The general message 1s repeated,.the specific image
serving as an example. Sonetimes, of course , one need not pound

S0 heavﬂy on the listener; the gist of a message can be established
by narra'blon and the rest oI‘ the comnmnlcatlon carried by the eye
and by music. Bul the image itself is seldom cnough.

It seems to me that the same principles apply in exhibit design.
The designer is not designing specific exhibits; he is
designing a séquence of exhibits. The sequencé should be carefully
programmed o0 that each specific display--.;aach image-~adds somebhing
important to the over-all effect. The designer should not be afraid
of driving home the generaliz.ing statements, nor should he avoid
repetition when two displays illustrate the same theme. Nob only '\\
should the displays be as cérefully programmed as anything that goes
into a teaching machine, but the specific composition and material
of the display should also add thematic continuity. Thus it might
have been aiapropriate to include illustrations and animation from
thie prior House of Science film in designing exhibits for Area IT,
where similar historical material ;fras coverad,

In sum: +the provision of a general framework, tying together
discrete displays in a meaningful sequence ,’ calls for a more pro-
gramned approach to exhibit design. It seems reasonable that this
should be carefully worked out, in scxipt form, before;, a singie

display is developed. . ‘
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Principle 2 The greater the contrast belween a stimmlus and a

surrounding field, the more essily a discrimination can be formed.

This law is of course basic to all art; it tells the designer
nothing new. Yel T have thought it worth emphasizing because it
is crncial, not only to single exhibits, but‘to exhibit sequences
as well. ‘ o

Although the designeré varied the heights and shapes of thelr
displays, although they used different colors when planning displays
on difﬁerent topics, yet in some respects the exhibits were monoto-
nous. Save for the "House of Science" f£ilm humor was entirely absent,
The feeling-tone of eﬁery display was profbund and solemn--"These
.are impressive matters., These abe important, gigaatic things’you are
looking at. Be impressed!" There was.little use of texture, little
attention paid to the senses of touch or smell, Some sound was use§3
but without adequate attention being paid to the acoustics of the
display or the decibel level of the hall, so much of tiie narration
was relatively inaudible, These things too could have been more
effectively programmzd if the displays had been designed as a
sequential experiencé.

Princivle 3 The greater the observer's activitv in forming

& percept, the greater the impact and "immediacy™ of that percevt.

For our purposes, this principle might be rephrased as, "Make
the audience feel the need to sabisfy their curiosity." Two steps
are involved--the arousiﬁg of curiosity, and providing a means for
its satisfaction. (Note that this principle is applicablé, not

only to single, static: displays, but also to sequences of displays.)
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Most of the exhibits were prescnted in a straight~forward, no-nonsense
manner. One 1ooke'd ab illusions, read aboul mathematics, listened

to demonstrators. There was little a:l;’c,em_pt to t'ease the avdience
into personal invqlvement. '

In our own project, we found thav ‘people would ask to play with
the automated teaching mach‘ines" we used for interviewing, fascinated
by the; ldifferent responses they wers getting to their answers. And
after the interview, some of the respondents would go through the
hall again, just to find the answers %o quesﬁioné they had missed.

In all these cases, the "viewer" had been left with a sense' of incom-
‘pleteness, of unsatisfied curiosity. |

It seems o me that one might build on the power of personal
curiosity in desi.éning display sequences. The first of the exhibit
experiences might be designed oniy to arousle curiosity. It wounld \'
provide a personally-involving challenge., The remainder of the
display would be designed to sabisfy this cu?ios-ity.

An example might be helpful as illustration. Whalt follows is
a novice's attempt at exhibit design; the example itself should not
be taken very seriously. But it does perhaps give specificity to
an abstract discussion.

Suppose that we were presenting a display which dealt with
genetics and the DNA molecule. What kind of initial exhibit would
arovse curios ity?. What initial exhibit woﬁld be personally

challenging?
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Visuvalize the following display. Imagine that the croud comes
to an area where it ié funnelled through ﬁ narrower passagevay. In
the process of funnelling, and while it is in the passagewéy, it
will be exposed to an initial, curiosity;provoking messagc.

lAs the people stand before the passageway, waiting to proceed,

a TV camera slowly pans the_group."Their images appear on a screen
over the entrance, The imaées‘fade avay and a single human figure
appears=--possibly the da Vinci drawing of human proportions. Over-
1laid on this image is a text:

"Your body seems stable,

Secure, slow to change'

It iz not,

Under the microscope it looks like this."
The imag; zooms down onbo the hand of the figure. The hand disappezrs.
Physiological feabures ccme into view: arteries, muscles, nerves. The
camera continues zooming dowrward., Single cells appezar, in constant
activity. A new texbt appears on the screen:

"EBach cell, living, dying,

Forming obhers like itself,"
At this point the image fades. Affer a brief pavse the sequence
starts again. The sequence takes just long enough for each person
to aave seeﬂ it while standing before the péssageway;

Inside the passage, is 2 single sign. White {lluminated lethers
on é dark panel zbove the érowd spell out--

"THE BASIC LAW OF LIFiE--CELLS FORM

OTHER CELLS EXACTLY LIKE THEM3FLVES®
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The crowd then.comes 10 a somewhal lurger area of the passagevay. A
voice says quieltly,
"Cells form other cells like thenselves. « o+
This law keeps &ou ali%é. ..
ibur cells are being born, constantly,
Are dying, constanitly,

Yet are passing their basic patterns to new
generations of cells.” '

Displays along the side show mitosis in various stages and with various
kinds of cells. There is a blqwn~up phoﬁograph of the Drosophila
chromoéome, genetic bands showing; et cetefa.

Past this area, the pacsageway é%adually widens. 4 series of
spot-Jighted panels, just above the crowd and angled outward, show
the Tollowing message. The spotlight swings in sequence--or, alteri
natively, the signs are back-lighted in seguence,

"Transmitling the basic pabtern.

Forming new cells exactly like themselves.
!

How?

What strange code inside the splitting cell

Tells the new cell

how to grow?

How to absorb food?
How to reprcduce itself?

How to take its place in the great organization
of the body?

Vhat. code?”
Note that these signs, shoun in sequence, may by themselves establish
a certain speed of crowd movement. Between the signs are panels

illustreting cellular activity. The final panel shows & zoom from

heart cells to the heert itself, pumpinz. The final sign is right
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before the exit from the passage way. It reads:

YHERE IS THE STORY.

THIS IS LOW SCIENTISTSl

ARE SOLVING THE CODE.

HERE IS THE WAY YOUR CELLS KEEP YOU ALIVE."
Tha cruﬁd then comes %o the displgy‘préﬁer. Here various exhi ils
are‘avilable; people can bfowsg amoung them, picking the particular
ones they wish 1o examine in more detail.

It should be clear that this initial group of displays communi~
cates no "new" information, Most people are vaguely aware that body
tissues are composed of cells; that cells'feproduce by division; and
that heredity is transmitled from cell to cell. But the initial
section has awakened their curiosity. It makes their vague informa-
tion suddenly seem important; it makes them wish to learn more. Og

80 one hopes.

T must confess that the.exhibit design outlined here seéms to me,
on rereading, somewhat flat and lackiné in dramatic appeal, Bub I
can teke refuge in the awareness that I am 1ot a professional desigrow.
I suspect that with the same themes a ski}led designer could do much

mnore.

In Brief
1., The displays in the Science Pavilion would have been more
effective had adequate attention been paid to the effects of crowd
flow and crowd pressure.
2. In the exhibit halls, not enough thought was given to the
effects of display sequgﬁc64 and the ways in which early displays
Q influence the way later ones are seen.

E119

IText Provided by ERIC
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3. Several principles were suggested in planning for crewd flow:

a. Areas of constant crowd flow should have terse, redun-
dant, quickly-understood displays. Such displays are
most useful with limited introducto*y naterial to which
everybody should be exposed.

" b. Areas of crowd stoppage should héve more complox displays
which can be péruséd'while waiting Lo move. These need
to be pitched to a general audience,

c. Areas o}Vvariable crowd flow allow the spectatdr to make
choices among exhibits. Displays herec need a single,
easily-seen sentence showing the theme of the display,

a lead paragraph or image which communicates the main
idea, and a more com‘plex' message which can be studied
by the more interested.
L. Several principles are élso suggesféd in planning for exhiﬁit
sequence. These are:

a. The designer should provide a gqneral framework of under-
standing for specific displays. The sequence of displayw
should be carefully programmed, with the general theme
and message made crystal-clear.

b. In programming displays, the designer should vary the
mood and rhythm of the display-experience, being not
afraid of humor or texiural effects when they can be
used £o make the exhibits moré varied or more striking.

¢. In programming displays, some gxperiences should be designed

not to communicate information, but only to arouse the




~184~ ISR:63-5

audience's curiosity and make the topic personally

relevant, The audience needs mdtivation for the effort

Qf‘display viewing.l

5. In the most general terms, it ié suggested that exhibit design

should utilize a "process" rathér than a "static" approach. Designers
should not view themselves as désigning a specific display, in the same
way as an artist designs a single specific picture. Rather thie designer
should think in terms of sequence of exhibits, each display adding
some nuance to the total experience. He should think ?f his task as
similar to that of a mobion picture director. No matter how fine any
particular shot or Scéne—~or disp]ayhfmay be, the total viewir experi-

ence takes precedent.,

L]
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AFFENDICES

Preliminary Non-Forused Interviewing on Science and the Scientist
SCINA Probe: The Preliminary Atiitude Questionnaire

Principal Axls Factor Analysis of Semantic and Ttem Ratings for
the Concept "Science™ o

Analytic Itérative Rotation of Factcrs and Item Ratings Jfor the
Concept "Science"

Principal Axis Factor Analysis of Semantic and Item Rabtings for the ‘
Concept "Scientists"

Analytic Iterabive Hotatior of Factors and Item Ratings for the
Concept "Scientists" y

Final Attitude Questionnaire

SCINFG Probe: The Preliminary Infqrmation Guestionualire

Informetion Pretest Ttem Analysis

Final Information Questionnairg

Final Background Questionuaire

Percentage Distribution of Background Characteristics

Tabulations of Semantic Differential Ratings for the Ceoncept "Science!
Tabulations of Semantic Lifferential Ratings for the Concepl "Scientist"

Rew Frequency Distribution of Responses and Chi Square for Informalion
Test

Percentage Distribubion of Responses for Information Test

'

The above appendices may be obtained from:

Institute for Sociological Rezearch
University of washington
Seattle 5, Washington



